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PREFACE. 



By Professor T. 'G. Bonney, D.Sc, LL.D., F.RS., Chairman of the Committee. 

The project for examining the structure of an atoll by a deep boring, as recorded in 
this volume, began to take a definite form rather more than ten years ago in 
a correspondence on the subject between Professor Sollas, now of Oxford, and 
Professor Anderson Stuart, of the University of Sydney. The latter, though it 
lay beyond his special sphere of work, greeted the idea with enthusiasm, and by his 
good offices with the Government of New South Wales, obtained a promise of the 
loan of a diamond-drill and of other facilities, without which the expenses of the 
undertaking would have been prohibitive. The first definite step in this country 
was made at the meeting of the British Association, held at Nottingham, in 
September, 1893. On that occasion Professor Sollas opened a discussion in 
Section C (Geology) on " Coral Reefs, Fossil and Recent." Its result was to 
strengthen the conviction that the origin and history of a coral reef must remain 
uncertain until the experiment so earnestly desired by the late Charles Darwin 
himself*^ had been made, and cores brought up for examination from a boring, which 
had been carried down to a depth of at least 600 feet. So formidable, however, did 
the difficulties in this undertaking appear, that, but for the indomitable energy of 
Professor Sollas it might still be among the things hoped for, and to his initiative and 
urgency we are largely indebted for the appointment of a Committee before the close 
of that meeting, to " consider a project for investigating the Structure of a Coral Reef 
by Boring and Sounding." It consisted of the following: Chairman, Professor 
T. G. Bonney ; Secretary, Professor W. J. Sollas ; Other Members, Sir Archibald 
Geikie, Professors A. H. Green (deceased), J. W. Judd, C. Lapworth, 
A. C. Haddon, Boyd Dawkins, G. H. Darwin and Anderson Stuajrt, Captain 
(now Admiral Sir) W. J. L. Wharton, Dr. (now Sir) J. Murray, Drs. H. Hicks 
(deceased), and H. B. Guppy, Messrs. F. Darwin, H. O. Forbes, G. C. Bourne, 
S. HiCKSON, A. R Binnie, and J. W. Gregory, and Hon. P. Fawcett. At the Oxford 
Meeting in the following year this Committee presented an interim report, and was 
reappointed with a grant of £10 for preliminary expenses, and the addition of the 
following names : Drs. W. T. Blanford and (now Sir) C. Le Neve Foster, and 
Mr. J. C. Hawkshaw. After consideration of the relative advantages of the northern 
Maldives and Funafuti, in the light of evidence kindly supplied by Captain 
W. J. L. Wharton, Hydrographer to the Admiralty, and by Professor Anderson 
Stuart, as the result of inquiries made by him at Sydney, the Committee decided 

* * Life and Letters,' vol. 3, p. 184. 
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in favour of the latter, and reported at the Ipswich Meeting in 1895 that it had 
applied to the Royal Society for an allocation of £500 from the Government Grant, and 
that this Society, as a preliminary to discussing the application, was making certain 
inquiries from the Admiralty, an answer to which had not yet arrived. The Committee 
accordingly asked to be reappointed, with a renewal of last years gi-ant, which, as it 
had not been required, still remained unexpended, and their requests were conceded. 
At the Liverpool Meeting, in September 1896, the Committee briefly reported the 
steps which had been taken by the Royal Society, the result of which, as will be seen, 
was the Expedition headed by Professor Sollas, and that, as they were informed 
by a message just received from him, his second attempt at making a deep boring had 
been hardly more successftil than the first. The Committee also suggested that as 
the cost of the undertaking was almost certain to exceed the £800 granted by the 
Royal Society, the Association should augment the funds by a liberal contribution. 

The Committee was accordingly reappointed, and a grant made of £40. As the 
anticipated need of money had not arisen, the Committee did not draw this grant, 
and reported the fact at the Toronto Meeting in 1897, urging at the same time 
that as another Expedition had been already sent out from Sydney, the unused grant 
should form a subscription towards its expense. Tliis was done and the Committee 
reappointed for another year. At the Bristol Meeting in 1898, the Committee came to 
an end by reporting that Professor David's Expedition had been successftil, and that 
the contribution had been paid over to him. 

A brief outline must now be given of the part taken by the Royal Society, after 
the undertaking had been brought lx?fore them formally by the recommendation 
of the Government Grant Committee, that, prior to granting the above-named sum of 
£500, the Officers and Council of the Royal Society should be requested to apply to 
the Admiralty for the services of a surveying vessel in 1896 for the purposes of that 
research. It had also been stated to the Committee that the Government of New 
South Wales was prepared to assist the undertaking by a free loan of a diamond-boring 
apparatus. 

The Council aft)er consideration of the reports laid before it, passed the following 
resolution (see * Minutes,' October 31, 1895). 

Professor Bonney having, iii reference to the Expedition for boring a Coral Reef (see 'Minutes,* 
October 17), reported a resohition of a Committee appointed by the British Association, requesting the 
Boyal Society to appoint a Committee who would undertake the supervision of arrangements for the 
investigation, and having further reported that the estimate of expenses upon inquiry and consideration 
had been reduced to £800. 

Eesolved : That the following gentlemen be a Committee to superintend the arrangements for the 
Expedition to Bore a Coral Reef as proposed in Application D 22 (1895) : — Mr. Wolfe Barry, Professor 
Bonney, Mr. Crookes, Sir A. Oeikie, Mr. F. Darwin, Professor Judd, Dr. J. Murray, Professor 
Sollas, Mr. Watts, and Admiral Wharton ; Professor Bonney to be Chairman, and Professor Sollas 
and Mr. Watts to be Secretaries. 

It was further Resolved: That the Treasurer be authorised to apply to the Government Grant 
Committee for an assignment of J&800 from the Reserve Fund, in aid of the Expedition* 
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The Council, as stated in their * Minutes' of October 17, had abeady received from 
the Admiralty a conditional promise of assistance from H.M.S. " Penguin," in conveying 
the party and machinery for the research, and at their Meeting of November 7, 
added the President and OflScers to the Coral Reef Committee. At subsequent dates, 
in compliance with recommendations from that Committee, Captain A. M. Field oi 
H.M.S. '* Penguin," and Professors Edgeworth David and Anderson Stuart were 
appointed as members. 

By the end of the year, the outlines of an Expedition to Funafuti, an island 
in the EUice Group on lat. 8° 30' 45'' S., long. 179° 13' 30" E. were determined, and 
Professor Sollas was requested at a Meeting held on December 17, to take charge of 
the Expedition as Naturalist ; at another Meeting (January 27, 1896), the Committee 
accepted the offer of Mr. Stanley Gardiner to accompany it at his own expense as 
second Naturalist, provided he were at liberty to select his own subjects for investigation. 

Passing over the correspondence and arrangements in regard to machinery and 
other matters between the Committee in London and Professors Anderson Stuart 
and Edgeworth David, their representatives in Australia, as not belonging to the 
scientific work of the Expedition, we come to the instructions drawn up by the 
Committee for the guidance of Professor Sollas, as leader of the Expedition, and 
sanctioned at a meeting held March 4, 1896. They run as follows : — 

The Committee wish it to be understood that the primary object of the Expedition is to investigate, by 
means of a boring, the depth and structure of a coral reef, and that all other work undertaken in 
furtherance of natural knowledge must be considered as secondary to this object. Professor SoLlAS, 
however, should endeavour to arrange with Mr. Gardiner, and any other volunteer who may accompany 
the expedition for such systematic observations as may be possible on the natural history of Funafuti, 
the neighbouring sea, or the part of the ocean traversed during the voyage. Magnetic observations on the 
island, it is understood, will be undertaken by the officers of the " Penguin," and Captain Field has 
also been directed to note the currents and temperature in the lagoon and to secure samples of water 
from it at diflferent depths and from the sea outside. Inland and shore collecting should be undertaken 
80 far as due attention to the main object of the Expedition permits, and dredgings should be made in the 
lagoon if possible. 

Mr. S. Gardiner will accompany the Expedition as a volunteer with the sanction of the Committee 
paying his own expenses and selecting his own subjects for study, with the general understanding that he 
will lend such aid as may be in his power to Professor Sollas in effecting the main object of the 
Expedition, and will co-operate with him in making the study of the reef, its fauna, flora, and vicinity in 
general, as complete as possible. Professor T. Edgeworth David or some other scientific man from 
Sydney, may also join the Expedition on like terms, provided room can be found for him by 
Captain Field on board. 

The Committee considers Professor Sollas to be in charge of the undertaking and empowers him to 
decide in all cases of primary importance. He is also empowered, in the event of Funafuti speedliy 
proving to be an unsuitable place for the boring, to transfer the operation (subject to the consent of 
Captain Field) to some other convenient locality. If in the course of the boring, a rock other than coral 
limestone be struck, Professor Sollas is empowered to use his discretion and to continue the boring if 
he thinks it desirable. 

He is also empowered, if rapid progress be made, to carry the boring to a depth of 1,000 feet, but he 
must bear in mind that the sum placed at the disposal of the Committee is £800, and that the total and 
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final oxpomlitun), allovririg a Hiirn of about £100 for loi^i on rliamond^ in the progress of the work, most 
not luotMxl tlid formor sum. Injuries to the machinery have to be maale good at the expense of the 
(^)iniiiitUM) ; ovory earn therefore should lie taken to preserve their rods and other t4x>ls in good condition, 
by tlio UHu of lirunswick bbM;kf tallow, Ac. Also payment should lie offered to the Department of Mines 
lit Syilnoy for NtoruH used up on the Kx|)e^lition. 

ProftmNor Soi.lah, on arrival at Sydney, is to make the necessary arrangements with the Department of 
Minim, with the foremen funiished by them, and for the purchase of stores for the use of the Expedition. 
It is loft to IVofoHsor h>OLLAB, in consultation with Professor David and Captain Field, to decide as to 
the quantity of rods, tuYies, and other subsidiary articles that are to be carried with the apparatus. In 
the event of his not rc^turning vid Sydney, he must take care to deliver all the apparatus lent by the 
l>0])iirtmunt of Mines to a resjKinsible person for conveyance back to Sydney and to obtain a satisfactory 
receipt for thoni, /lUo to arrange for paying wages to all workmen employed, and any debts incurred in 
carrying out the invcHtigation ; in other words to wind up all the business connected with the Expedition, 
in that part of the world, cither in person or through a responsible agent, so as to seciu-e the Committee 
Against unforcHeen claims for wages, purchases, or damages. 

ProfesHor Sollak is to miikc arrangements for the safe transmission of the diamonds back to England 
or for the sale of them in Sydney if this can be advantageously done. Professor Sollas is expected to 
keep an account of all expenditure for the purpose of the investigation and as far as possible to obtain 
vouchorH. ThiH will ])e necessary in order that, among other purposes. Professor SoiXAS may be able to 
judge when the approaching exhaustion of the funds makes it necessary to conclude the investigation. 

The Coinmittee exjxjct Professor Sollas personally to sui)erintend the withdrawal of the cores, to see 
them both so la])elled that identification of each specimen is secured, and safely packed for transmission, 
by such conveyance as he shall arrange. Of these cores and of such other specimens as may be collected 
by the Expedition (not referring to specimens collected by the volunteers in their private capacity) the first 
set will be ultimately presented to the British Museum, the second to the Ministry of Mines at Sydney. 
It is left to the discretion of Professor Sollas to make the division on the spot and to send the second set 
of specimens or such part as will not ))e wanted for study in England, direct to Sydney. But all 
speoimens which are needed for working out the results of the Expedition will be retained by the 
Committee until this has boon done. The consent of the Committee must be obtained by any member 
of the Expe<lition before pu])lishing scientific details of the investigation. 

The Committee hope that in the event of illness or accident Professor Sollas will endeavour to arrange 
for the continuance of the investigation. 

(Signed) T. G. BONNEY, Chairman. 

Tlu^ Htory of thin E.xpeditlou is told by Professor Sollas in Section I, and on 
Novmnbor 13, 1896, he presented to the Coral lleef Committee a report on its 
prinoipul ovontH, the causes of the failure to attain a greater depth than 100 feet, 
and its gt^ioral Hoientitic results, after which the following resolution was unani- 
mously |MiSHod : — 

That the Conunittee are of opinion that Professor SoLi^s in abandoning, under the conditions he has 
re|H)rtod, further altiMnptH to prosecute the boring, came to a very proper conclusion, and that the thanks 
of the (Hinuuittee are due to him for the manner in which he conducted the Expedition under his charge. 

liistruotions were given at .the same time for presentation of a preliminary report 
to tlu» Koyal Socioty* and for tho sale of the carbonadoes which had not been 

♦ See ♦ l*rocooding8,' vol. CO, p. 502. 



XI 



expended in the boring. This transaction added considerably to the cost of the 
undertaking, for the purchase had to be made within very narrow limits of time, 
when the price of carbonadoes was quite exceptionally high, and at the time of the 
sale it had fallen greatly. The Committee bought 93^ carats at £6 55. per carat, 
the residue was sold in April, 1897, at only £3 155. per carat, so that allowing for 
loss in usage (which had been from the first estimated as about £100) and the agent's 
commission, only £284 10s. was received against £582 05. 7d. expended. 

The following balance sheet was presented to and accepted by the Committee at a 
Meeting held on June 29, 1897, from which it will be seen that the total cost of the 
Expedition amounted to £1,064 35. lOd, 



BALANCE SHEET. 



Receipts. 



X. s. d. 
Grants : — 

Government Grant 250 

800 

Council Fund 20 

lioyal Society Grant 150 

British Association Grant ... 10 

„ . . . 40 
Loans : — 

Koyal Society 550 

W. W. Watts 50 





£ s. (1. 






Sale Carbonadoes 


. 284 10 






Less commission . 


7 2 3 










277 7 


9 



2,147 7 9 



Expenditure. 

£ s. d. 

Expenditure 1,341 11 7 

Loan repaid, Royal Society . . . 550 

„ W. W. Watts ... 50 
British Association Grant not 

drawn 40 



Balance 



165 16 2 



2,147 7 9 



The experience gained in this attempt proved that, as some of us had feared from 
the first, England was too distant to be a base for the undertaking, and we expressed 
this opinion unofficially to our friends in New South Wales. They were the more 
prompt to accept the suggestion, because their machinery had been defeated by the 
peculiarities of the reef rock. It would have cut through sandstone, or even basalt, 
as an auger through a piece of wood, but an entirely new problem had been afforded 
by material which varied constantly from incoherent to comparatively hard. So 
repulse made them all the more determined to succeed, and the result was the 
despatch of the Second Expedition in 1897, the story of which, from the first 
beginning to its successful conclusion in attaining a depth of 698 feet, is told by 
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Professor David in Section IV. To the expenses of this Expedition the Royal 
Society contributed a sum of £350, the larger share, as stated in his report, being 
defrayed by the Government of, and private subscription in, the colony. 

But our friends were not yet satisfied, for the submarine contour of the island, 
determined by Captain Field's soundings, suggested that the base of the coral reef 
might be very near, so the Boring was continued in 1898, as narrated in Section IV, 
until a depth of 1114 feet had been reached. To this the Royal Society subscribed 
£200. The whole of the core was sent to England, to be dealt with as Professor 
JuDD has described in Section X, and all the half-cylinders of core with duplicate 
portions of the l(X)ser material have now been returned to Sydney. The part 
retained in England has been placed in the British Museum, South Kensington. 

When considerable progress had been made in working out the cores and other 
materials obtained in these Expeditions, Professor Judd j)resented a preliminary 
report on the work to the Committee, and they, after considering it, authorised 
the Chairman to request the Council of the Royal Society to publish the results 
in the ' Philosophical Transactions.' The answer is given in the following extract from 
the * Minutes' of the Council dated June 15, 1899 : — 

liea^l a Statement by the Vice-Chairman* of the Coral Reef Committee, reporting upon the materials 
obtained by the recent Borings at Funafuti, and detailing the steps being taken for their complete 
examination, and asking the sanction of the Council to the Committee's undertaking the preparation of 
a monograph on the atoll of Funafuti on the following general lines, namely : — 

A description of the whole core from the points of view of the naturalist and the chemist, forming 
the main feature of the monograph ; together with brief notices of all papers dealing with the 
general results of the Expedition, and a list, with critical remarks of the species of animals and 
plants collecte<l ; the whole forming a volume of about 500 pages with plates. 

iiesolved : That the Coral lieef Committee be authorised to take steps for the preparation of a volume 
on Funafuti, on the lines alK)ve described. 

In 1900 a sum of £116 was granted by the Council in aid of expenses partly 
connected with the preparation at Sydney of the maps in this volume, and £70 was 
received from the Government Grant Conmiittee to defray sundry expenses connected 
with the working out of materials in this country. 

In the Ijeginning of 1898, before much advance had been made in working out the 
materials, and jirior to tlie Third Boring, the Committee requested Professor 
HoUjAH to act as Editor of the volume already contemplated. But as time went on, 
I perceived more and more clearly that the Editor's task would not be a light one, 
and that it would press Umn licjavily on a resident in London. Moreover, as not a 
little of it would be ratlier m(?clianical, I felt how much science would lose if my 

* Prior to l>ecefiibcr 6, I'JOO, this was the strict title, the President of the Royal Society being in 
theory the Chaimuin. 
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old friend and pupU were diverted from the reorganisation of the Geological Museum 
and the work of the Chair at Oxford to which he had l)een recently appointed, and 
from more than one of the important original investigations on which he was also 
engaged. Thus, as my own time was — in the natural course of things — becoming 
less valuable, and the date of my retirement from the work of teaching was mentally 
fixed, 1 oftered to relieve Professor Sollas of the more mechanical work of Editor- 
ship, and the Committee at a meeting held February 9, 1900, passed the following 
resolution : — 

That the Vice-Chairman of the Committee be requested to aid Professor Sollas and the other members 
of the Committee by undertaking the general editorial supervision of the volume which is to be issued 
by the Royal Society. 

Thus I am responsible for passing this volume through the Press, though I have 
had the advantage of consulting Professor Sollas whenever this was necessary. 
Proofs have been submitted to all Authors resident in England, but for misprints 
to the contributions from Australia I must bear the blame, and trust that any slips on 
the part of Author or Editor will be leniently judged, for under the circumstances the 
task has been far from easy. A bibliography of memoirs relating to materials 
obtained during the three Expeditions will be found at the end ot Section X, but it 
has been deemed needless to attempt one on either coral reefs in general or the Ellice 
group in particular. I should, however, mention, that since the printing of this 
volume began, an account of Funafuti has been published in Professor Alexander 
Agassiz's admirably illustrated and most valuable work, ** The Coral Reefs of the 
Tropical Pacific " (' Memoirs of the Museum of Comparative Zoology at Harvard 
College,' vol. 28, pages 212-229, Feb., 1903). 

The large coloured maps of the different islets in the atoll, surveyed by the 
Expedition from Sydney, were executed, it should be mentioned, in that city in 
order to have the advantage of Professor David's supervision. Thus, when received 
in this country they were already numbered. We have, therefore, found it advisable 
to designate the plates of scenery, &c., prepared in this country and intercalated in 
the volume, by letters of the alphabet ; figures inserted in the text following the 
usual course. 

Into the controversies about the development of coral reefs, those who have been 
concerned in the preparation of this volume have not attempted to enter. They 
have endeavoured to state facts and leave it to readers to interpret these for 
themselves. They trust that arduous and costly as this undertaking has been, it and 
the labours of those who have worked out its results have not been jfruitless, and 
that the mass of information now acquired will be an important addition to Natural 
Science. At any rate the composition, zoological and chemical, of an atoll down to 
a depth of 1114 feet has now, for the first time, been made known. For this we 
have to thank the untiring energy of Professors Edgeworth David and Anderson 
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Htimht,* th« Ijfi^rmljty of frU^iU in New 8r/uth Waku and the Government of that 
iUflouy, with whom, Wf5 on thm Huh of the wwlrJ ought aW> to include their then Agent- 
(iMriiTml Hir Havu Hamvku (iratitude in expre««erl to these hy name in the different 
n?|Nirtj«, and wfj cravi? jiarrlrin in a^lvance for any inadvertent omissions, pleading as 
exciiiM; th*? nurrft>^;r and th^r diflirnjities causes! hy the long distance between writers 
and print^'ru But nn (^*hainnan of the Committee from the beginning, I can realise, 
more fully {M;rha|m than twmi, hr;w much we are indebted for the success of this 
nridifilaking to friends in, and the Government of, New South Wales, and trust 
that the one and the other will 1^ satisfi^^d by the results. 

lu the Hfiuw, cjipfU'hy I may venture to acknowledge the valuable ser\-ices of 
not h few workfTi'H on this slrle of the world. We are indebted to Professor 
Hay IjASKIOiTKH anrJ to /nemli^^rs of his staff at the British Museum of Natural 
Hi^/ry for frexjuent ;iHHistanrM5. All the members of the Conunittee have 
/(iven Hjfiu:U%] helji wlifjnever it was needed. Sir W. J. L. Wharton, Hydrographer 
U> the Admiralty, h^is U;e/i untiring in his efforts, and we cannot but feel that we 
are greatly indel/t4;d to his g^nid offices with that Department for the invaluable 
Hm'mifiiu'A', n'juU'Ti'A t^> the P^xpedition by H.M.Ss. the " Penguin," under 
(/aptain Mfmrvs Fikij>, and the ** Porjioise," under Captain Sturdee. Om- 
^•eretaries, l^roff^ss^ir Soij.ah and Professor Watts, have earned our gratitude for 
tlieir <5onstant helj;, and tliere are two other memljers of our Committee to whom we 
are utuU^r a more than ordinary r)}Jigation. Professor Judd undertook, at the request 
(ff i\w ( Vininiittee and with the sanction of the Board of Education, which thus gave 
a Hirouff support to tlie investigation, to receive the cores despatched from Australia, 
to prepare the materials for find exercise a general supervision over their examination, 
and to have the elujuiical and niineralogical study carried out under his own eye 
at the Itoyal College of Science, South Kensington. The results, as will be seen 
from Sections XII to XIV, have jjroved to be highly interesting. Dr. G. J. Hinde, 
to whom the (Jomniitto(^ also apj)ealed for help, has devoted many months of labour 
to the mintite study of the organisms comprising the cores, and I venture to 
say that the more his (elaborate rei)ort (Section XI) is studied, the more its value 
will \m aj)pr(Mmited. Their tnistdfish devotion to this most laborious task entitles 
them to the heartft^lt gratitude of all lovers of Natural Science. May I also thank 
them for their constant kindness to myself in responding to questions, in reading 
proofs, and in mipplying the defects of my own ignorance. 

* When pro|)aratinMH woro being made for tho dcHpatch of the First P^xpodition, a committee was formed 
in Sydney, by tli« initiative of IVofesHor Andkuson Stuart, consisting of himself, Professor Edgeworth 
David, (captain Mohtyn Fikld (in oonunand of tho " Penguin "), Mr. Robert Etheridqe, Jun. (Curator 
of tho Anntralian Mimeiun), Mr. C. IIkplky (Conchologist to that Museum), and Mr. W. H. J. Slee 
(Hti|M)rintundont of Diamond Drills, Do[mrtmoni of Mines). 
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SECTION I. 

NARRATIVE OF THE EXPEDITION IN 1896. 

By Professor W. J. Sollas, D.Sc, LL.B., F.R.S. 

On Monday, March 10, 1896, I left London to join the Orient s.s. ''Oroya" at 
Naples, on board of which Wtxs Mr. Stanley Gardiner, who had volunteered to 
accompany me to assist in the objects of the Expedition. After a pleasant but 
uneventful voyage, we reached Sydney on Saturday afternoon, April 18, and were 
warmly welcomed by Professor Edgrworth David, who invited me to make his 
house my home till the '' Penguin " was ready to start. The time I spent in his 
society, and that of Mrs. David and her charming family, will always remain one of 
the most enjoyable reminiscences of my journey. 

The Committee which had been formed in Sydney to co-operate with the Committee 
of the Royal Society had been active in making preparations for some time past, but 
there still remained some details to discuss, and meetings were held, at which I was 
present, on April 20, 23, and 27. These gave me an opportunity of becoming more 
closely acquainted with our friends and fellow workers, Professor Andehson Stuart, 
Messrs. Slee and Etheridge, from all of whom I received the greatest kindness ; I 
was also able to read before the full Committee the instructions with which I had 
been furnished by the Committee of the Royal Society. 

The- Admiral in command of the Australian Squadron hospitably entertained the 
members of the Expedition, and showed a close personal mterest in its objects, which 
proved of assistance to us in many ways. 

On Friday, May 1, we went aboard the " Penguin " and were warmly received by 
Captain Mostyn Field, R.N., and his officers, Lieutenant Dawson (now Com- 
mander), Lieutenant Waugh, and Dr. Collingwood, Messrs. Nares and Brewls. 
To Captain Field, who entertained me as his guest, I am under deep obligations ; he 
spared no effort to render the Expedition a success, and by numerous acts of kindness 
did all that was possible to mitigate the discomforts attendant upon residence on an 
uncivilised island. 

On Wednesday, May 13, we entered the beautiful harbour of Suva, Fiji, and spent 
two or three days in completing preparations for the survey of Funafuti ; Captain 
Field was occupied most of the time in making preliminary observations witli his 
magnetic instruments, while we, thanks to the kindness of the Hon. Dr. Corney and 
the Hon. John Berry, who had organised excursions for us, were able to see some- 
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thing. bf^-tlie geology of the neighbourhood and especially to study an interesting 
ex$^i^|]4e of a raised coral reef. On May 1 6 we left, with many regrets, Suva and our 
hAS})it<able friends, and passed out of the island through the tortuous Mbengha 
'-.passage into the open sea. On the morning of May 21, Funafuti was in sight, and in 
• * the afternoon we steamed into the lagoon through the southern entrance. A boat 
put out from the shore to meet us, and Mr. J. O'Briex, the solitary white trader 
on the island (since dead), came on board to act as pilot. We dropped anchor 
in 10 fathoms, within a mile of the shore, and nearly opposite the native village.* 

Captain Field at once landed with Lieutenant Dawson, Ayles (the foreman 
of the boring party), and myself We paid a visit to the "King" Elia, and 
obtained his permission to do all that was necessary to carry out our project. We 
then proceeded to choose a site for boring, and selected a spot near the sandy beach 
of the lagoon, conveniently situated for the landing of gear, less than half a mile to 
the south and west of the village of Funafuti, and near the village well, which 
supplies a small amount of brackish but drinkable water. The work of landing was 
commenced the next morning, and completed by May 20. The erection of the boring 
apparatus was at once taken in hand, and on June 2, twelve days after our arrival on 
the island, all was in readiness for commencing operations. On June 3 the 6-iuch 
tubes were driven into the sand, and by June G they had been advanced 30 feet ; the 
5 -inch pipes were then entered and everything made ready for inserting the diamond 
crown and commencing to drill on Monday, June 8. On June 10 it was arranged 
that the work should proceed by shifts, so that the drilling might be carried on 
continuously day and night. During the first shift the crown had been advanced 
20 feet, making the total depth then attained 52 feet 9 inches, and in course of 
this fragments of highly cavernous coral rock were brought up in the core barrel 
from a depth of between 40 and 50 feet. 

On June 11, a depth of 85 feet having been reached, it was found necessary to 
ream the hole preparatory to lining, and by June 15 the necessary reaming and 
lining had been completed. Up to this, although we had been somewhat disap- 
pointed at our slow rate of progress, occasioned partly by the unfavourable nature of 
the ground and partly by the frequent failure of our machinery, we had anticipated 
nothing worse than the possibility of finding our allotted time exhausted before we 
had reached a depth of 1000 feet ; but now, on setting the crown to work, it very 
soon ceased to advance, and Ayles shortly afterwards came to me to announce that, 
in his opinion, the boring was a failure. Nevertheless, some further progress was 
subsequently made, and on Tuesday, June 16, a depth of 105 feet was attained. It 
then became once more necessary to ream and line the hole. Attempts to ream were 
continued all through Wednesday and Thursday but without success, for sand poured 
into the hole and the reamer could not be driven through it. Efforts were made to 

• III the next fev pages some extracts from the Report already published in the * Proceedings of the 
lioyal Society ' (vol. 60, p. 502), are incorporated. " Sand " denotes material of organic origin. 
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remove the sand by a sand-pump, but proved unavailing, the sand flowing in faster 
than it could be pumped out. Ayles assured me that it was impossible to descend 
another foot, and that he considered further labour to be time and money thrown 
away. It was decided, therefore, to abandon this bore-hole. 
The structure of the ground passed through was as follows : — 

Fig. 1. 
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On informing Captain Field ot our difficulties he delayed the departure of the 
" Penguin " which was about to sail to meet the Admiral at Suva, and came ashore to 
see if he could render us any assistance. We were inclined to suspect that our want 
of success might be due to exceptionally unfavourable circumstances dependent on 
the locality we had selected for the bore hole; it was close to the lagoon, and our 
operations from the first had been conducted in the loose sand of the lagoon beach. 
We determined, therefore, to look for some place where solid rock appeared at the 
surface as far from the lagoon and as near the outer reef as it might be possible to get. 

A part of the island, to which we shall refer subsequently, as the " Mangrove Swamp," 
seemed to offer us such a site as we were in search of ; particularly as its surface 
appeared to be formed of solid coral rock. On investigation, however, it was soon 
found that the dead masses of Poiites and Hdiopora, of which this rock is composed, 
could be easily dislodged with a spade and crowbar, and that they formed only a thin 
layer over a deposit of fine silt and sand below. 

We then turned our attention to the solid platform of rock which forms the ocean 
side of the island. It was not easy, however, to find a place to which we could 
transport our machinery ; the difficulties of landing on a rocky shore rendered several 
promising spots inaccessible by sea, while the absence of wheeled vehicles or even 

B 2 



4 PROFESSOR W. J. SOLLAS. 

wIhmIs, and the nature of the ground, seemed to jmt transportation by land out of 
the (|Uestion. 

At last, howeviu', Mr. Hkdlkv pointed out to nie a portage c.illed Luamanif, used 
hy th(^ n;»tiv(»s for (hagging their canoes from the lagoon to the seaward side of the 
island, which at tliis place is very narrow, about 70 yards across. As this seemed a 
good landing-place, 1 submitted it to the consideration of Captain FfELD, who, after 
a pc^rsonal (^\amination, agreed that we might safely make use of it. Ayles and his 
])arty wt^'i^ then set to work to sink trial pits on the line of the portage ; one of these, 
situated 70 feet from the high-watei* mark on the seaward face of the reef, was sunk 
12 feet through sand and blocks of coral, when operations were brought to a close 
owing to the influx of sea-water at high tides. Two other pits were then commenced 
nc^arc^r the sea and a litt](3 to one side (north) of the portage, at the margin of the 
solid platform of lock, which extends down to the gi'owing edge of the reef and 
is covered by the sea at high-water. These passed through sand and fragments of 
coral. In the most northern of the two pits the sand was somewhat consolidated, 
and so, proceeding a few yards further north, as far in that direction as it would 
have been possible to transport our machinery, we opened another pit, which was 
sunk for a depth of 1 1 feet through fragments of coral, crystalline coral limestone, 
and partly consolidated sand. The bottom of the pit was 2 feet below the seaward 
margin of the reef, and, as we were not inconvenienced by an influx of sea- water, and 
Ayles was of opinion that the rock would *' stand," we decided to make our new 
venture at this sj)ot (see fig. 2). Taking into consideration the difticulties of trans- 
Fig. 2. 







porting our apparatus, I do not think a more favourable locality could have been 
chosen ; it was close to the very edge of the rocky platform, which is so hard that 
Darwin', speaking of a similar platform in the case of another reef, says " I could 
with difficulty and only by the aid of a chisel procure chips of rock from its surface " ; 
and tis near the sea as it was prudent or even possible to go. Indeed, we had at 
lii>^t some doubt as to whether our pumping pipe« would "live" in the surf of 
the ocean margin, and feared that the high-water spring tides might inundate 
the shaft ; our feai^s in these respects, however, proved to be groundless. 

Caj)tain Field and myself were impressed with the need of additional boring 
ap|>aratus, and he proposeil that Ayles should go to Sydney to see if it could be 
pwcuitxi I gi^ve much anxious consideration to this project, and discussed it with 
my ci>lleagues, Messrs. Hedley and Gardiner, and with Ayles. The information 
I ix?ceivetl fn>m Ayles was not encoumging. He stated that we should require a 
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complete equipment of lining tulx)S from 10 inches down to 2^ inches in diameter, 
that 10-inch tubes were not to be had in Sydney, and that, even if we succeeded in 
obtaining all the appliances we required, the success of the boring would not then 
be by any means assured. 

For a doubtful res dt I did not feal justifi3d in incurring the certxin increase in our 
expenditure which a journey to Sydney would have involved ; the question of time 
had also to be considered, for had Ayles gone thither we should on his return 
have been commencing: our borincr at or after the date the Committee had considered 
it would have been completed. Finally, it appeared that the new lo3ality we had 
chosen for our work offered fair prospects of success. 

The shaft already sunk to a depth of 1 1 feet was then timbered with Pandanus 
logs, and arrangements w^ere made for carrying down a hole by jumping with a G-inch 
chisel. Ayles spoke of getting as far as 50 feet by this means, and then lining the 
hole with 6 -inch tubes, but, after sinking 4 feet, he declared it impossible to proceed 
further in this way; the chisel could not be mxde to continue sinking in a straight 
line, the labour was too exhausting, and progress very slow. It was decided, therefore, 
to begin boring, Aylks being very hopeful, as the hole ''stood" well. On Thursday, 
June 25, w^e accordingly made arrangements to shift our boring gear to the new site, 
and by 'Siturday, June 27, this work was completed, chiefly by native labour, and at 
a CTit of about £10. The boilers were rollel along the beach, the rest of the 
michinery Wcis taken by water, and all subsequently dragged, rolled, or carried across 
the portage. Lieutenant Wauoh lent us valuable assistance, during the absence of 
the ** Penguin," in this work. 

Boring was commenced on Friday, July 3, and by 5 o'clock we had sunk another 
4 feet ; progress then became rapid, and on Saturday evening, when work was knocked 
off*, we had descended in all 4G feet. Very little ** core," however, was obtained, and 
at times the boring bit met with hardly any opposition as it advanced, seemingly 
passing through a vacant space. Since the water pumped into the hole no longer 
flowed out above, but found its way out by some communication with the sea below, 
it was impossible to determine whether or not some sand might have been present. 
It was clear, however, that the coral rock through which the." bit" advanced was 
highly cavernous. 

On Monday, the hole became filled with fallen fragments and some sand ; it wa.s 
evident, therefore, that the sides would not hold, and so recourse was had to lining ; 
by Thursday, July 9, the hole had been reamed and lined down to 45 feet, and the 
work of boring was resumed. On pumping, we had the satisfaction of seeing the 
water flowing out of the top of the hole, but our joy was short-lived, for, on Monday, 
July 13, the water was again lost. On Tuesday, July 14, we had reached 65 feet, 
passing for the last 20 fieet through sand and coral. Subsequently we attained a 
depth of 72 feet, and could then proceed no further. We worked all Thursday and 
Friday with the sand-pump, but with no success; the bottom of the hole was 
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surrounded by quicksand containing boulders of coral, and as fast as the sand was 
got out, so fast it flowed in and faster. The water pumped down disappeared 
through the sand, boring and d fortioH reaming was impossible, and the tubes 
could not be driven owing to the interspersed boulders. Had the tubes been 
provided with steel driving ends we might have forced them down ; as it was, the 
effect of driving them was simply to curl in the lower end. Had we been provided 
with 4-inch tubes we could have made a fresh start, and might have descended 
another 30 or 40 feet, but even then ultimate success would not have been ensured, for 
the chance of meeting again and again with intermixed sand and coral remained always 
open, and every such encounter would have requii-ed lining tubes of diminished calibre. 

Baffled in our endeavours, and with no other part of the island offering more hopeful 
prospects of success, we had no alternative but to abandon the undertaking, and 
on July 30 were taken from the island in the " Penguin," and returned to Fiji. 
On landing there we had the mortification to learn that additional apparatus was 
then on the way to Funafuti, our friends in Sydney having with great generosity at 
once despatched machinery for driving through sand on receipt of a letter I had sent 
informhig them of the failure of our first bore-hole. We had no jreason to expect 
such spontaneous assistance, and even had we been fortunate enough to have remained 
on the island till the machinery arrived, we probably should not have accomplished 
the object we had in view, though we possibly might have carried the borehole down 
to a depth of about 400 feet. 

A very free communication must have existed between the bore-hole and the sea, 
for whenever a big roller broke upon the reef the rods lifted, and after the lining 
had been withdrawn, water spurted out of the bore-hole with the fall of every 
wave. The open nature of the reef is further indicated by the fact that the sea 
water rises with every tide to fill certain depressions, which occur in many places in 
the middle of the island ; as the tide ebbs this water flows away down fissures, often 
so rapidly as to form little whirlpools. 

Wherever I have seen the reef growing it has always presented itself as clumps 
or islets of coral and other organisms with intei-spersed patches of sand, and the 
borings would seem to indicate that it maintains this character for a very consider- 
able depth, and possibly throughout. The structure of the reef appears indeed to be 
that of a coarse *' sponge" of coral with wide interstices, w^hich may be either empty 
or filled with sand. 

As regards tlie nature of this " sand," it is important to observe that it does not 
consist of coral debris ; this material and fragments of shells forming but an 
insignificant part of it ; calcareous algaB are more abundant, bub its chief constituents 
are large foraminifera, which seem to belong chiefly to two genera (Orbitolifc.s and 
Tinoponis), It covers a considerable area of the islands, and has accumulated 
during the memory of the inhabitants to such an extent as to silt up certain parts of 
the lagoon. This and the abimdant growth of corals and calcareous algae, such as 
Halimeday lead to the belief that the lagoon is slowly filling up. 
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A suggestion has recently been made that more light is likely to be thrown on the 
history of atolls by a study of ancient limestones in the British Isles than by boring 
in existhig reefs. The first essential, however, for such a study would appear to be a 
knowledge of the structure of living atolls, for, without this, the identification of 
others forming a part of the earth's crust might remain more or less a matter for 
conjecture. So far as the structure of Funafuti has been proved by borings, it is 
scarcely what a field geologist might have anticipated, and if deposits of a similar 
nature and origin had been encountered in, say, the Mountain Limestone, it is doubtful 
whether, previous to the borings in Funafuti, their interpretation would have been 
easily reached. 

Although the boring proved a failure, several other objects of the expedition were 
attained with complete success. Messrs. Hedley and Gardiner made a thorough 
investigation of the fauna and flora, both land and marine. Dr. Collingwood 
obtained a good deal of information of ethnological interest, and we all made a 
fairly complete collection of native implements and manufactures. A daily record 
was kept of maximum and minimum temperatures, and of the readings of dry and 
wet bulb thermometers. These have been reduced by the Astronomer Royal of New 
South Wales, Mr. H. C. Russell, F.R.S., to whose kindness we were also indebted for 
the loan of meteorological apparatus. The results are given in Section 11. 

The most important contribution, however, is afforded by the investigations of 
Captain Field, who made a complete topographical survey of the atoll, and a vast 
number of soundings both in the lagoon and the outer sea ; he also carried out 
magnetic (Section III) and tidal observations. 

The short length of core obtained from the bore-holes, together with the material 
brought up by the sounding apparatus used by Captain Field, and some other 
specimens, were, on my return home, placed by me in the hands of Professor Judd, 
and a description of them will be found embodied in the report by Dr. G. J. Hinde, 
F.R.S., on the material of the core. 

Description of the Atoll. 

The general outline of the atoll, as shown on the Admiralty Chart (frontispiece), 
constructed by Captain Field, bears a grotesque resemblance to the profile of a 
man's head (see also Plate B, page G2). The *' face " looks westward, the occiput 
eastward, and its protuberance marks the broadest part of Funafuti proper, which 
is the largest islet of the group, and the only one permanently inhabited. 

The ring of reef awash between tides forms a fairly continuous narrow band, 
regularly bounding the lagoon, except in the N.W. quarter, where it becomes much 
broken up and various in direction. The longest continuous stretch of reef is about 
16 miles in length; it commences at the top of the "head,'* on the eastern side of 
the passage called Te Ava i de Lape, runs at first due east, then bends round to the 
S.S.E. as far as the occipital protuberance, when it is diverted to the S.W., and ends 
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a^faiimt IIk? \tiimini^it of Te Bualitia, which w sepsirsded from the next passage on the 
wiuth, T<; Ava Mateik/i^ by a very Hhort interval of reef Beyond Te Ava Mateika 
it UiuriilH the attenuat<}^l ** neck " of the inland, extending all round this without a 
hn'jik, unrl norlhwardn a« far oh Te Ava Fuagea, where it in inflected into the lagoon, 
iKiiuiding like a thick lower lip the narrow and deep channel of Fuagea, which is 
nowhei'i? lenn than ti'i fathoms in depth. The lagoon is very shallow within the 
** ni5ck/' and fl^K>red liy a thin s^Jid crust ; the streams of sea-water which drain it 
iHjtwcfitn iuU'H (Uitry witfi tliem abunrlant sand comprised of foraminifera. 

The ** now? *' is a remarkable feature of the atoll, its vofA Ixfing a broad expanse of 
ti<le-wahhed i'tu*t\ and it externls out into tlie fxjean as a growing bank of coral, sub- 
m<n'g(5(l to a difpth of 7 fatliorns for tlie nK>st part, but rising near its extremity into 
i\u*> reefTe Akau Fuafatu, whicli reaches to within 3 fathoms of the surface. This 
tc'uchtney U) grow outward into the occ^an is again seen further north in Te Aftia Sari, 
whioh forms a H^»rt of brow-riflge to the profile, and bounds a second deep and narrow 
pfLHMag(% Te Ava Ti*l;iika, 

Th<< prevailing winds are easterly (as is the set of the ocean currents), so that the 
moKt irregular part of the vitt*S is <ni the leeward side. 

The floor of the lagoon is tolerably even, gradually deepening from the shore to an 
av(»rage depth of 20 or 25 fatlK)ms, attaining in four cases an extreme depth of 
JJO fathoms, and rising in many others tr) form slightly submerged shoals, oieven reefs 
awash, of which T(^ Akau Tuluaga in the middle of the lagoon is the largest ; this dries 
to 4 f(U5t, and having landed on it, I criUected from it foraminiferal sand and molluscan 
shells, as well iis (h^ad and living coral. 

The submarine conHguiation of the atoll was very fully investigated by Captain 
KiKl.L) ; in addition to nmnerous deep-sea soundings taken all round the island, four 
profiles w(»re obtained by as many series of soundings run from the seaward face of 
the ren^f outward. The successive soundings of a series were separated by the follow- 
ing intervals : — 

For a (h^pth l)etweeu — 40 fathoms every 10 yards. 

40— 70 



»» »» 



«» 



70—100 
100—150 
150-200 
200—300 
nOO— 400 
400—500 
500—600 
C00--700 
700—800 



«« <» »»\»\' \.*\r\r ^y 



% % 



20 




30 




40 




50 




60 




70 




80 




90 




100 




200 
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Captain Field's soundings, and communicated by Admiral Sir W. J. L. Whaktox. 
They present a close general resemblance, with some interesting peculiarities in detail. 

The 500 and 600 fothoms contour lines follow approximately the outline of the 
atoll, and are bayed outwards around the '*nose" and "brow-ridge," in conformity 
with the general outline of these features. Tlie average distance of these contour 
lines from the shore is slightly greater on the westward (leeward) side of the atoll 
than on the eastward, so that the slope on the latter side is somewhat the steeper of 
the two. 

The atoll is an isolated mountain rising very gently from a depth of 2000 fathoms ; 
above 1000 fiithoms the slope begins to increase, and between 600 and 700 fathoms 
the average slope for three of the profiles is 22°, l)etween 500 and 600 fathoms nearly 
25^, between 400 and 500 fathoms it remains about the same, but this is owing to 
the existence of a very gently inclined shelf, 350 yards in width, with a dip of only 
9^ or 10°, which occurs between 400 and 450 fathoms in the profile of the west side (D). 
If this be excluded, the average slope becomes 28° to 29°, and there is a steep cliff on 
the north profile (C) with a slope of 48° ; this cliff is interesting, since it occurs lower 
on the flanks of the atoll than any other. Its base is 2820 feet below the sea-level, 
and it rises through a vertical height of 330 feet. The sounding apparatus indicated 
coral bottom at the foot of the cliff. From 400 fathoms upwards a distinction is still 
maintained between the southern profile and the three others, which, however, are in 
close agreement between themselves. Tliey present an average slope of nearly 40°, 
which is interrupted by precipitous and lofty cliffe, the least steep having an angle of 
65°, the steepest, which is 300 feet in height, of 78°. The southern profile is marked 
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j[<^ig^ 4. Diagrammatic sections through the rim of Kooling (1) aii«l Fuiuifuti (2) Atolls. 

A. Constantly submerged portion of D. Ledge of coral-rock. J. Central flat of islet. 

the reef. 
1\ Nullipore rim. K- Seaward or outer ridge. L. Lagoon mound. 

C. Keef-flat of coral-rock. F. Floor of lagoon. R. Growing reefs of lagoon. 

l)y a greater extension seawards of the shallow reef flat, and by an average slope of 
only 26°, but this is greatly exceeded between 65 and 220 fathoms, the average over 
this rano-e beino- nearly 40°, and it presents two steep cliffs, one of 05°, and the other 
of 56° to 57"", with a height of 270 feet. 



Coj-al lifi-f Hvpi»-t. 



I'lair A (s,r i>. 1 1 ). 




(1) (kurm Shore i.f FimutHti \A 




(•2) Ocun Side (if t'uiiiifiiti IsUuid. jumi' Sin; .>f Sei'uii.l Itwiiig 
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The soundings showed a coral bottom at great depths round the atoll, not uncom- 
monly between 500 and 800 fathoms, and in one instance, the most northern sounding 
marked on the chart, sand and coral are shown at a depth of 1354 fathoms. This 
spot is situated a little over 3^ sea miles from the nearest part of the reef 

The belt of land which separates the ocean from the lagoon presents much the 
same character as in the case of Keeling Atoll, described by Darwin. A glance at 
the two diagrams (fig. 4) is sufficient to show this. 

The "outer edge" of Dakwin's diagram (1 of fig. 4) corresponds to our '* nuUipore 
run," which owes its deep madder-red tint to one group of these alga?. Forming a 
low mound which rises to a height of about one foot above low tide, at the extreme 
seaward margin of the land, the nuUipore rim is visible for the greater part of 
the day ; and by its rich colour produces a pictorial effect so fortunate as to seem 
placed there almost by design ; it is the last note of colour offered by the land, and 
pleases both by its contrast with the whiteness of the surf, and by its perfect 
harmony with the deep blues of sky and sea. Its algal layers extend on to the 
platform behind, and on breaking away fi'agments of this with a hammer, it is 
found to be tunnelled through with numerous close-set tubes and other burrows, 
which harbour a rich variety of life. 

Behind the rim lies a rocky platform, Darwin's "flat of coral rock" (C of 
fig. 4) ; this is covered with a few inches of water next the rim, even at low 
tide, and its middle portion is frequently somewhat higher than either its seaward 
or landward sides, and so becomes exposed during the ebb as a broad, low swell of 
rock bounded on either hand by shallow channels, and supporting numerous pools 
upon its surface. (See Plate A, upper figure, where A is the nuUipore rim ; B, the 
shallow depression in the reef flat ; C, the reef flat.) 

The reef-flat passes into a gently sloping glacis, which rises landwards to about 
ordinary high-water level. (Plate A, lower figure, where the outer line of waves 
marks the nuUipore rim ; the reef flat is submerged, the glacis is seen rising from the 
sea, ending landwards in a miniature scarp, succeeded by loose sand, &c. ; palms 
crowning the outer ridge, here mther lower than usual.) 

Both flat and glacis consist of hard limestone, smoothed by the waves for the most 
part, but becoming rougher nearer the landward end. It is with respect to this that 
Darwin remarks :* — " I could with difficulty, and only by the aid of a chisel, procure 
chips of rock from its surface, and therefore could not ascertain how much of it is 
formed by the aggiegation of detritus, and how much by the outward growth of 
mounds of corals, similar to those now living on the margin," and I fancy the once 
prevailing impression that a coral-reef would be found on boring to consist of hard 
limestone, partly owed its origin to the universal presence of this rock on th(5 
seaward face of the atoll between tides. Our boring operations, especially in oiir 
second attempt, showed that the limestone is of no great thickness, and that uiicon- ■ 

* ' Coral Reefs,' p. 16 (Ed. 3). 
C 2 
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solidated deposits lie beneath it. It varies considerably in character, but always 
consists for the most part of fragmental coral material, together with foraminifera, 
remains, of calcareous algae and other organic remains of no great size, such as 
molluscan shells or spines of echinoderms. On the reef flat itself calcareous algse 
contribute largely to its bulk, and by their growth may have had much to do with 
its consolidation. On the glacis it was sometimes found to consist almost entirely of 
foraminifera, which had been cemented together by the deposition of carbonate of lime 
from solution. In Darwin's diagi^am the glacis is not distinguished from the flat, and 
"alow projecting ledge of brecciated coral-rock, washed by the waves at high w^ater," 
is introduced (D of fig. 4) as a general feature. This, I think, may correspond to 
certain pinnacles, ridges, or cliffs which rise u})wards in certain places from the 
glacis of our atoll, and of which we shall have more to say presently. 

The glacis is succeeded on the landward side by a steep ridge, usually formed of 
loose fragments of corals, but sometimes of large water- worn pebbles, which have 
been piled up by the waves during storms of unusual violence. This is the slope 
marked E in Darwin's diagram ; we usually called it, during our residence on 
Funafuti, the " hurricane beach," a term which is appropriate enough to its seaward 
face, but not to the whole ridge, and as the land on the lagoon side also, at 
least in part, owes its existence to unusual storms, another designation would seem to 
be needed ; I propose to call it, therefore, the " seaward " or " outer ridge." It rises 
with a steep slope to the summit, which may l^e a sharp edge or a flat surface a few 
yards wide, and then descends at first somewhat steeply and afterwards more gently 
towards the interior of the island. 

Passing now to the lagoon side of the island we encounter a widely different 
scene ; corals and coral reefs flourish here and there in luxuriant growth, but build 
no continuous bank, and we miss the nullipore rim which forms so definite a 
boundary to the seaward coast ; on the other hand, resemblances are not wholly 
wanting, a rocky platform made up of consolidated coral debris and other calcareous 
material fringes a great part of the shore and reminds us of the seaward glacis, 
though its slope is far more gentle ; in one instance, where it was uncovered for 
80 yards, the tide being nearly low, the rise was found by careful levelling to be 
1 foot in 240. Sometimes it ends in low cliffs, 3 or 4 feet in height, exposing the 
hard stratified rock in alternating beds of pebbles, sand-stone, and coral debris ; 
sometimes it passes out of sight beneath a wide sweep of foraminiferal sand. 

Sand, or sand mingled with fragments of corals, rises from high water to form a 
broader or narrower strip of land which descends on the other side towards the 
outer ridge. This has been driven up by wind and wave during times of storm, and 
thus is also a " hurricane beach" ; it may be distinguished as the "lagoon mound." 
Its slopes on either side are insignificant as a rule compared to those of the outer 
ridge, and it usually consists of much finer grained material, frequently, as already 
mentioned, of sand, more rarely of rounded pebbles or large fragments of corals. 
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The lagoon mound is not shown in Darwin's diagram, which represents the surface 
of the islet as continuously sloping from the outer ridge to the lagoon, as it is 
expressly said to do in the descriptive letter-press. Darwin was fully acquainted, 
however, with hotli the existence of the mound and its origin, for he states a little 
further on (p. 16) that " the little waves of the lagoon heap up sand and fragments 
of thinly branching corals on the inner side of the islets on the leeward side of the 
atoll .... but the land thus added is very low." 

On Funafuti, the distinction between the ocean ridge and the lagoon mound is 
sometimes very sharply marked ; on the broader parts of Funafuti islet they are 
not only obviously independent features, but also are widely separated from each other 
by an intervening plain, the black and rugged surface of which lies somewhat below 
high-tide level, so that at full " springs " sea-water oozes up through it and gives 
rise to scattered pools. This plain may be called the " central flat " (J, fig. 4) ; it is 
the exposed surface of a sheet or series of sheets of consolidated coral breccia, resem- 
bling the stratified coral rock and calcareous sandstone of the outer and inner 
platforms. 

As the islet grows narrower to north and south the central flat becomes corre- 
spondingly reduced in breadth and the outer ridge and lagoon mound approach 
one another till they meet, and then pass into each other, till at length scarce 
any sign of a depression can be seen between them. 

The structure of the central flat is best displayed in the interior of Funafuti 
islet a few yards north of the site of the third bore-hole ; here it had been eaten 
away by the solvent sea-water, leaving steep-sided gullies some 3 or 4 feet deep, 
on the sides of which sheets of coral breccia were plainly visible. During a falling 
tide, when a foot of water covered the floor of the northernmost one of these 
gullies, I have seen little whirlpools, like those made when the plug is removed 
from the bottom of a bath, swirling over holes in the rock, and thus afibrding 
visible evidence of the free communication which exists between the middle of 
the island and the sea. In other cases where the holes were numerous enough to 
form a sieve no whirlpools were formed. A more striking evidence of the ready 
access which is open to the sea is to be found, as will appear laterj in the Mangrove 
Swamp. 

Glancing backwards over the observations we have already made, it will be seen 
that on the seaward side of the islets a sheet of hard limestone exists and extends 
from the nuUipore rim up to the ocean ridge, beneath which it disappears, but on 
crossing this ridge a similar rock is again met with on the central flat, and though 
for a second time lost when we trace it up to the inner mound, it, or a rock very like 
it, reappears to form the cliffs and marginal floor of the lagoon. This suggests at 
once that the hard rock is continuous from lagoon to sea, nor is this supposition 
unsupported by evidence ; for at the eastern end of the little islet of Pava, one of the 
northernmost islets of the atoU, the rock of the ocean glacis caa be seen extending 
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contiuuously beneath the sand of which this islet consists, till ifc passes into the 
platform of the lagoon. The habitahle land of the reef thus rests upon a foundation 
of consolidated coral breccia, c.ilcareoua sandstone and conglomerate ; these forming 
a series of deposits of no great thickness, as is shown by the fact that in neither of 
our bore-holes were hard rocks encountered for many feet below the surface. 

The history of this superficial sheet of rock is a matter which demands a careful 
investigation, and we shall find many problems involved in its study. One of the 
first facts to arrest my attention in my wanderings on the lagoon side of 
Funafuti islet w.is the constancy witli wliich the slabs of coral which form much of 
the breccia beds slope toward.s tlie ocean ; in many cases they are ari'anged in 
imbricition one upon another, all wloping in the same direction away from the lagoon. 
This disposition is rendered all the more striking by contrast where the hard rock 
protrudes from a bank of loose pebbles forming the existing beach ; the pebbles 
slope towards the lagoon, tlie coral slabs away from it (fig. 5). Repeated observa- 
tions showed that this arrangement is general, and not confined to one locality ; 
further, in the case of Pava it is continuously maintained beneath the islet from the 
lagoon to the ocean side. 




Fig. 5. — Lagoon cliir of conBolidHtcil coral rock north of the village of Funafuti. The slabs of conil 
in the rock dip occanwarcls ; the pebbles of the modem beach towards the lagoon. 

Cases occur in which the hard rock crops out on the ocean side of the outer ridge ; 
the coral slabs and the pebbles of the beach have then the same direction of slope 
(%. 6). 




Fig. C— Cliff of coral-rock projecting from the side of the outer ridge, here formed of large pebbles. 
The pebbles and the elongated frngment^ in the coral-rock both dip in the same direction, ocean-wanla. 
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Since the fragments of the hard rock, which forms the floor of the islands, thus slope 
in one direction, i.e., from lagoon to sea, and since this is the direction which 
fragments now assume under the action of the ocean waves, we are led to conclude 
that there was once a period in the history of the atoll when neither outer ridge nor 
lagoon mound were in existence. The ocean then Wcislied right across the reef into 
the lagoon, driving before it corals, whole and in fragments, and other calcareous 
debris to form the superficial hard crust, which supports the islets, and extends from 
under them as the remainder of the reef now awash between tides (fig. 7). 



mean tevet bide, 
low level Cide 
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Fig. 7. — In illustration of the mode of origin of the rock, which forms the basis of the islets, and 

encrusts the summit of the Atoll. 

A second feature of equal importance is the occurrence of pinnacles of hard rock 
projecting from the shore platform (fig. 4, D), and rising above the waves at mid- 
tide like a miniature sea-stack. It was with no little surprise that I encountered one 
of them on taking my first walk along the ocean beach ; it stood some four or five feet 
high, and the sea was breaking upon it heavily, bursting over it in great fountains 
of spray ; the comparison with a sea-stack was inevitable, equally so the inference 
that the ocean platform is a plain of marine erosion ; and in my notes written at the 
time I find a sentence to the following effect : '' If this be so, some important change 
must have occurred since the coral breccia was formed and consolidated. Two views 
are possible, one that the pinnacle represents the core of an ancient outer ridge, 
which by a depression of the island or otherwise has been brought within the 
denuding action of the waves ; the other, that it may be the surviving part of an 
ancient reef, which has been elevated and denuded since its growth." 

Similar pinnacles were subsequently observed in numerous localities, and they 
came to be regarded as common characters of the reef; they are met with frequently 
at the ends of the islets (fig. 8), but also along their face, sometimes they form a 
linear series, and sometimes are replaced by a more or less continuous line of cliff, 




■^ 



Fig. 8. — Pinnacles of coral-rock at the extremity of Pava islet. 

especially on Funafuti islet. They are dry at low tide, and nut completely submerged 
at ordinary high-tide level, above which they project some two or three feet. The 
lower part bears obvious marks of marine erosion and is usually undercut ; the upper, 
exposed to sub-aerial agents, is fretted into complicated and fantastic forms, partly 
due to the weathering-out of the corals which enter into its constitution. 
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The lower part of the pinnacles is in many cases obviously composed of 
fragmentary corals, forming a breccia, continuous with that of the ocean platform ; 
the upper part has at first sight much more the appearance of coral that has 
grown in place, though it is hard to say how much of its branching irregular form is 
merely the result of sub-aerial weathering. As a good deal depends on this point 
I naturally paid considerable attention to it, and examined very carefully one 
pinnacle in particular. It presented many branching forms of coral rising upwards 
in the direction of growth, and some turbinate forms still standing on a narrow 
base, though a few were evidently overturned. I was anxious to obtain inde- 
pendent testimony in this matter, and consequently invited my companions 
Messrs. Gardiner and Hedley to examine the pinnacle along with me ; but on 
doing so they arrived at contradictory conclusions, one holding that the corals 
had grown in place, and the other, that they had been washed into position by 
the waves. Subsequently I examined many similar pinnacles, and though frequently 
on the point of deciding in favour of their having grown where they are found, I 
was never able to come to a quite definite conclusion. It is very easy to be deceived 
in the matter ; on one occasion when I thought I had found an indubitable instance of 
a coral still retaining its original position of growth, I discovered on breaking it 
open with a hammer a Tridacna shell enclosed within, which was obviously 
inverted. 

The fact, however, that their basal part consists of breccia, and not of once growing 
reef has some significance, for this must have been formed when the ocean wiis 
washing fragments across the reef into the lagoon ; and if the upper part was 
formed by coral growth in place this would involve a subsequent subsidence, since 
followed by elevation. 

The question raised by the existence of these pinnacles is rendered all the more 
difficult by our almost total ignorance of the conditions under which the consolidation 
of loose superficial debris is effected. Evidence of disintegration and erasion met us 
on every hand, and wherever the solid platform was exposed to the fury of the 
breakers it was in process of being broken up and driven inland ; indeed much of the 
material of the outer ridge has been contributed by the destruction of the hard 
platform ; but nowhere could I discover any evidence of consolidation in progress. 
Where nuUipores are in active growth they serve to cement together whatever 
material is associated with them, but much of the hard rock of the superficial strata 
consists of calcareous sand and rounded pebbles cemented together by carbonate of 
lime, deposited from solution without the intervention of organic agency. In making 
preparations for our second boring, we dug several trenches, as much as 10 to 12 feet 
deep, in the loose material of Furtafiiti islet without discovering any hard deposit till 
we sank a pit near the seaward margin, when we encountered a loosely cemented bed of 
foraminiferal sand at a depth of 1 1 feet. This locality, however j may hav^ been an 
exceptional one ; it occurs where the land is so low that the natives use it as a portage 
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for their canoes when they wish to cross from the lagoon to the ocean ; it may there- 
fore represent a channel only recently fiUed up. A similar explanation may be given 
of the absence of hard deposits in the upper 10 or 20 feet of sand passed through 
in the first boring, for much of the sand in the immediate vicinity of this is certainly 
of recent accumulation. No evidence of consolidation is afforded by the walls of the 
wells which the natives have sunk in the sand to obtain fresh water. 

When sea- water, under the influence of the tides, circulates freely through the 
islands, it exerts a solvent action on the coral rock, as already pointed out in describing 
the gullies in the central flat of Funafuti ; but when its movements are impeded,- as in 
passing through an accumulation of sand and coral fragments, conditions may occur 
which wiU be favourable to the deposition of calcium carbonate. Darwin seems to 
have assumed something of the kind, for when endeavouring to account for the 
existence of his ledge D, which corresponds to our pinnacles and pinnacle ridges, he 
says : " . . . the lower fragments [of the outer ridge] are firmly cemented together 
by percolated calcareous matter" (p. 17). The level of saturation in a pile of sand 
and coral fragments will vary with the tides and the rainfall ; the moist sand within 
the limits of this varying level wiU lose water by evaporation, which may thus bring 
about a deposition of dissolved calcium carbonate and a consequent consolidation of the 
loose material. In this way the lower and inner region of the outer ridge may possibly, 
as Darwin seems to have supposed, become converted into hard rock. We have no 
direct evidence to show that this is the case ; but assuming for a moment it is so, we 
may proceed to enquire whether the existence of the pinnacles may not possibly be 
accounted for on the hypothesis of a positive movement of the sea-level. 

Thus, let the condition of the atoll at some former period of its existence, when the 
sea-level was, by hypothesis, lower than it is now, be represented by the diagrammatic 
section below (fig. 9) : — 



LdL^oon mcxind 



Outer ridqe« 



Mean 

sea level. 




Fig. 9. — Hypothetical section through the summit of the Atoll, previous to an assumed subsidence. 




Fig. 10. — The same submerged, the line marked 1 represents the former sea-level, that marked 2 the 

existing level. 



New ouDer Hdge. 

pinnacled 




Fig. 11. — The same, showing the consolidated core of the original outer ridge, exposed by denudation. 
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Tiw onUif Tulf(0s And th#!r la^^oon mnaxA are sapposed to be fxrasolidated whhin the 
ari5a nmrki!^] hy vertical liiu^. After depresnon. the mean se^-lerel mar be reive- 
mnUA by tb^j bori27/rital lin^j 2 (fig. lOt Tbe o^Jtward ridge is now brfyagfai within 
tlio cbfMtnurtivi5 miction of tbe Y/reakeni; itn !<<>« material will consequently be washed 
away, unci rnay U; driven over tbe reef into the lagoon, while the hard core will 
roniain an tbe ridgen and pinnacles of tlie ocean glad& A fresh outer ridge will 
tb<5n Im9 formed further inUnd fjeFiind tbe pinnacles left by the first (fig. 11). 

In thiH way not only would tbe relation of the pinnacles to the outer ridge he 
fairly (sxplaiiuKl, but ali4^^ one very singular cfiaracter of tbe pinnacles, viz. : that 
tlioy fnM|Uontly occur an a lin^^ar series running [jarallel with tbe coast or even as a 
contiriuouH rirlgo. It rnigbt Uj difficult to understand why denuded reef-rock 
rIiouM iiMHUino IIjIh fonn, but it rea/lily follows if tbe pinnacles are merely renmants 
of iho f!oro of tbe outer ridge. If now we cast a glance over tbe section taken 
throngb the islet of Pava (fig. 12; we shall discover some very suggestive relations. 
Tlio |)iiinac]<;H form a riMge, wliicb rises I^bind tbe nullipore rim, in much the usual 
way, l>ut beliind the pinnacb^s where we should expect to find the outer ridge, there 
is Hiinj)ly a l)i-oacl, gently sloping platform of c^^ns^Jidated crural breccia, some 
80 yards across, wljicb ends against an accumulation of sand and small fragments 
of coi'al corresponding in composition and jiosition with the lagoon-mound of other 
islets. Pava tbus lias tbe apjH*aranc*^ that we might expect to be presented by 
an islet wbicb had kist its former outer ridge without acquiring a new one. At 
the same time we must not omit Uy observe that the narrow ridcre-like form of 
the ])iiniacles niigbt also )>e explained by tbe action of erosion upon a stratified 
rock dipping seawards, as it d^xjs in tbis case ; tbe outer face looking towards the 
ocean is a sea-cliff, tbe inner face bxiking in tbe opjK>site direction is a scarp, cut at 
right angles to the dip. Here tbe cliff and scarp have closely approached each other, 
bonce tbe narrow I'idge-like form ; but instances may be oUserved in this northern 
region of tbe atoll wbere tbey still stand far more remote, bounding a comparatively 
broad ]>latforin. Hometimes also tbe scarp exists witbout a corresponding cliff. 

If tlui foatur(3S of tb(5 sea- ward face c>f tbe reef could be explained by a positive 
movonieiit of tbe straiul, we sboubl next have to inquire whether tbe same explana- 
tion would apply to tbose Ixmlering tbe lagrK>n. If, after submergence, any trace 
reinaiiu^d of tbo lagoon -mound we sbould expect to find its constituents, or the 
coarser ]>art of tbeni, arranged with a sIojmj conformable to the ancient lagoon beach, 
ij\, dipjung lagCKin wards, while as we bave already seen tlie fragments in the 
consolidated platfoini and iM^acb of tbe lagoon slope in the opposite direction. 
This, bowuvcr, only proves that tbe bigoon cliffs and platform of hard rock are 
not tbo romains of an ancient lagoon mound, and this was a result to which we 
bad previously l)eon led ; for we bad already concluded that they represent the 
roniuins of a dt<j)osit. fornunl at a time when the waves washed debris fi:om 
the ocean into tbe lagcK)n. Tbey are indeed the oldest members of this deposit 
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or series of deposits ; the material of the pinnacles being, on this hypothesis, the 
youngest now surviving. All that we can conclude from the facts we have just con- 
sidered is that no remnants of the ancient lagoon mound are open to observation.* 
They may have Ijeen washed away simultaneously with the destruction of the ancient 
outer ridge, or they may be concealed under the modern lagoon mounds now existing. 
Instead of pursuing these speculations further we may proceed in search of additional 
evidence, and we turn first to the Mangrove Swamp. This interesting feature is 
situated at the " occiput " of the atoll and may be regarded as a widened extension 
of the central flat of Funafuti islet, lying within the bend, where the islet passes 
from a N.E. — S.W. to a N. W. — S.E. direction. A similar flexure separates the islets 
of Funafara and Telele further to the south. The eastern side of the swamp is 
sharply bounded by the inner slope of the ocean ridge, here rather steeper than usual ; 
on the north and for a good part of its western margin it is bounded by low cliffs of 
consolidated coral breccia, and these are crowned in places by a beach of coral 
fragments and slabs of breccia, which lie within the arcaded roots of the surrounding 
mangrove trees. Some of the fragments of breccia seem to be of far too large a 
size to have been thrown into their present position by the waves of the water in 
the swamp, and thus suggest that the breccia platform may have undergone some 
erosion before the swamp was cut off from the ocean. At its southern end the 
Mangrove Swamp passes into the sandy flat of the Taro Swamp. Its northern arm 
is divided into two parts by a longitudinal ridge of hard coral breccia, which rises 
about 2 feet above the flat floor adjacent on either side ; the western side of the arm 
Is lx)unded by a cliff of coral breccia about 3 feet in height, the eastern half ends 
against the ocean-ridge and is covered by water for a great part of the day, affording 
a home to patches of close-growing madder-tinted algae and delicate Renierid 
sponges of a bright rose tint. 

The feature of chief interest in the swamp is afforded by its southern main portion, 
where a great part of the floor is formed by a dead coral reef, consisting almost 
wholly of two species, one a massive Porites, and the other Heliopora ccerulea. The 
Pontes projects as rounded flat-topped slabs or blocks, from 6 inches to a foot above 
the general level ; these are surrounded by radiating growths of Heliopora, which 
may extend, in branching lamellae and finger-shaped processes (figs. 13 and 14), 
for a distance of three or four yards from their origin. The clumps of Porites 
often attain a diameter of 4 feet, are frequently depressed in the centre, and traversed 
by more or less radiating channels, which owe their origin to included lamellae of 
Heliopora, since removed by erosion. In many cases the Heliopora was the first 
of these corals to commence its growth ; the Porites following, formed around the 
centre of the Heliopora system, and in rare cases outgrew the latter, so as to 
completely surround it ; usually, however, the Heliopora increased more rapidly 

* The position, however, of the ancient rock in the cliffs of the lagoon is scarcely consistent with the 
assumption of depression. 
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Fig. 13. — Reproduction ol a photograph of IMiopora c<fTnii-a, as seen on the floor of the Mangrove Swamp. 

than its eompanion, around which tt forms a wide fringe {iig. 14). In many cases 
the surface of the Pontes, which has been etched by the solvent action of sea 
water, reveals a distinct lamellar structure, running concentric with the margin. 




Fig. 14. — Diagraminatic sketch to illuBtrnte the branching of HfUopma and its association with Porilfs. 



The level tops of the Porites clumps look like a series of stepping-stones, about 
which the frayed ends of the Heliojiora lamellse stand like broken reeds, G inches 
above the floor of the swamp. For a great part of the day nearly the whole of the 
floor of the swamp lies bare and dry, but it is submerged several feet at high 
water ; the sea gaining access to it through a number of transverse fissures, which 
axe concealed from sight for the most part, but revealed as rounded pot holes in the 
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northern limb of the swamp. Down these the water may be seen descending as 
the tide falls, and that they communicate freely with the outer sea Ls shown by the 
fact that the body of a native child, drowned in the swamp, was afterwards found 
floating in the waves outside the reef. If these holes, as would appear to be the 
case, are the chief or the only means by which the sea can enter, it is possible that 
the high-water level in the swamp may stand a little below that of the open ocean. 

The clumps of Porites are not, as we at first imagined, continued downwards into 
8olid reef rock ; on the contrary, they are isolated masses, which may be readily dis- 
lodged and overturned with the aid of a crowbar ; between them, and filling the 
interstices of the Ileliopora up to the general level of the floor of the swamp, is a 
fine silt alx>undiug in foraminifera and dead niolluscan shells. 

The breccia which liounds a great part of the swamp extends in places to form 
its surface, lying in a thin encrusting sheet upon the Ileliopora reef. It would thus 
kLppfiiir tliat the reef is older than the breccia, and as this is but a part of the general 
liard crust which extends from ocean to lagoon, the reef is probably the oldest super- 
ficial feature of the atoll. It would seem to have concluded its growth before the 
prescint ocean-ridge and lagoon mound were in existence, and then to have become 
covered up with coral debris, which after consolidation was broken up to form the 
little l>each now bordering the swamp on the landward side. 

The flat summits of the Porifes clumps are a suggestive feature, indicating an 
arrest of upward growth against a plain surface, such as would be afforded by the 
level of low water. Corals with similarly flat summits may be seen at present living 
in the lagoon, where it is evident that on reaching the low- water level they have 
ceased to grow upwards, but liave extended laterally and again upwards to low-water 
level till a flat tabular form has been acquired (fig. 15). 

— -,«,--«—,-, — ^^M^amr- Lo* water level 

5^ ^ ^^ 





Pl.in EievAtion. 

Fig. 10. — Diagram to illuHlraio tho flat Hunimits of corals which have grown up to the low-water level of 

the lagoon. 

If it be admitted that the surface of the Pontes clumps marks an ancient level of 
low water, then it obviously liccomes a j)roblem of extreme interest to compare this 
level with tliat of the existing wja. Accordingly, with the assistance of Mr. Payne, 
the Iwatswain, and a crew of seamen, 1 made two sets of measurements across the 
dead coral reef and thii swamp from the lag(K)n beach to the ocean. These gave 
concordant results, and showed that the Hummits of the Porites clumps now stand 
1 foot 4 inches above moan tidal level, i.f., 4 feet G inches above low water at spring 
tides or 3 feet 9 inches aFK)V(^ low water at neap tides. 1 therefore concluded that a 
change of sea-level in a negative direction to the extent of about 4 feet had occurred 
over the site of the Mangrove Swamp sinee the growth of its ancient reef. It is 
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scarcely likely that this change has been merely local and confined to this spot ; had 
its amount proved to be slight, explanations based on possible alterations in the direc- 
tion of waves or currents, or on a possible difference between low-tide level in the 
sea and the lagoon might have been offered for consideration ; as it is we seem driven 
to the admission that a general elevation of the atoll or fall of the sea-level must 
have occurred since the Heliopora reef was in active growth. 

The level summits of the Porites clumps have been regarded as marking a once- 
existing level of low tide ; this is a minimum limit, for they may not have reached so 
high ; it is very unlikely they grew higher. Abruptly succeeding them are the breccia 
beds, evidently formed under very different conditions, such as might be brought 
about by a change of sea level. These beds are very difficult to explain, but the 
evidence of the Taiisale reef seems to preclude an appeal to depression, and we are led 
to consider the effect of slight elevation of the atoll ; a large elevation being equally 
precluded by the evidence of the Taiisale reef At the close of the Taiisale period 
we imagine that the atoll was wholly submerged, and no ocean ridge nor lagoon 
mound was in existence. An elevation by which the mean-tide level became the low- 
tide level would expose the outer portion of the reef to the destructive action of the 
breakers, which, tearing off corals and coral fragments, would drive them across the 
inner portion of the reef into the lagoon, where they would accumulate in a low bank, 
and this would increase by continual accretion seawards till the waves had piled up a 
bank of breccia broad enough to present sufficient resistance to their further advance 
over the reef The final stage might even have been the growth of an ocean ridge. 

The formation of the breccia beds would thus depend on a nice balance between 
erosion and deposition, and might have occurred at a time when the summits of the 
PoHtes clumps corresponded with mean-tide level ; a further slight elevation would 
then appear to have followed, raising the atoll about 1 or 2 feet ; the breccia beds 
thus became exposed to marine erosion, but the resulting fragments, partly as a result 
of its increment in height, could no longer be everywhere driven across the whole 
breadth of the reef, but accumulated, along with material contributed by growing 
corals, to form the ocean ridge. The pinnacles and pinnacle ridges of the outer glacis 
are remnants of the breccia beds, and their form and disposition are to be explained 
as the result of marine erosion acting upon beds having a seaward dip, as already 
suggested in discussing the islet of Pava. They are now the chief irregularities on 
a slope of maxinuun stability, worn by the waves during a stationary period into a 
curve best fitted to resist their onslauglit. This and the existence of the living 
breakwater afforded by the nullipore rim will explain the surprising smallness of the 
amount of destruction* at present accomplished on the reef by the great waves of the 
Pacific Ocean. 

* This was a frequent source of surprise. During a windy night one would often be kept awake by 
the incessant thunder of the surf upon the outer beach, and it was difficult to resist the impression that 
the island was being washed away. On visiting the reef in the morning one expected to find the beach 
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In the hope of obtaining further information bearing on the question of a supposed 
change of level, I commenced to level across some of the islets in diflferent parts of 
the reef ; and I greatly regret that the idea of doing so did not occur to me earlier, 
for soon after the work was begun our second boring came to an end, and our stay 
upon the island was unexj)ectedly shortened. This was the more unfortunate as I 
had no previous exj)erience in the use of the theodolite, and was only just beginning 
to discover the pitfalls that beset a levelling survey, when the time arrived for our 
departure ; I should have liked to have been able to repeat my observations and to 
have reduced them all to the level of the tide-mark, which was engraved upon the 
Church shortly befr)re we left ; it would have been of interest also to compare the tide- 
level of the ocean with that of the lagoon, which might readily have been accom- 
plished by levelling from one to the other, and then back again. The profiles of those 
islets which were levelled across are represented in fig. 12 (see p. 19). 

Mateika presents features of especial interest ; its lagoon mound is of unusual height, 
and, on surmounting its steep slope of loose sand on the lagoon side, a gently-sloping 
plain is reached which ends against a low cliff cut in horizontally stratified foramini- 
feral sandstone. Slabs of this rock lie at the foot of the cliff, and we are irresistibly 
reminded of a raised beach. On levelling across, the marks left on the &andy lagoon 
slope by the waves at high water were found at the unusual height of 9 feet 9 inches 
above low water, and the foot of the inner cliff stands at 8 feet 4 inches, or more than 
1 foot below the high-water marks ; the plain at its base may therefore represent a 
high-water terrace, and the sand ridge on its lagoon side may be a temporary feature 
liable to l)e removed at any time and again piled up in accordance with changes in the 
direction of the wind. The consolidated state of the sandstone exposed on the cliff is 
not so readily accounted for. I do not understand it, and forbear from speculation. 

Another and remarkable instance of an islet bounded on the lagoon side by vertical 
cliffs of nearly horizontal consolidated beds is furnished by Amatuku (fig. 16). 
They are represented on the chart as rising 5 feet above high-water springa 
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Fig. 16. — Diagrammatic section through the lagoon-cliflf of Amatuku. 

in ruins, and with astonishment found the sun shining on a scene unchanged. A rare fragment of coral 
tossed on to the strand, here and there an uptiu"ned slab of coral breccia, and that was all ; the waves on 
the English coast might have accomplished more. 
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In places they are undercut and fallen fragments He on the lagoon platform. The 
dip of the beds is a few degrees (3° to 4°) to the W.N.W. They consist of alternating 
sandstone and conglomerate, the latter formed of smooth, rounded pebbles of coral, 
generally about one inch in diameter, but frequently as much as 4 or 5 inches, and 
sometimes even (5 inches to a foot. Slabs and iiTegular fragments of coral are 
occasionally present. The smaller coral pebbles present an opaque white chalk-like 
appearance. The cementing substance of these beds, which is more abundant in 
some layers than others, has a reddish-brown colour and contains, according to an 
analysis, which Professor Judd kindly had made for me, as much as 25 per cent, of 
calcium phosphate with some organic colouring matter. It coats round the pebbles 
as a thin layer formed of many concentric lamellae, and extends from them into the 
interstices in tubular processes and ii-regular minute nodules which form a loose, 
spongy aggregate. On solution in hydrochloric acid a residue consisting of vegetable 
tissue sometimes remains behind. 

The perplexity which has attended all my endeavours to explain the consolidation 
of superficial deposits on the atoll is dispelled in this case by the character of the 
cement, which probably owes its origin to the guano of sea-fowl, and has been 
deposited by rain-water percolating through loose sand and pebbles, standing above 
sea-level, and most likely above saturation level. The sandstone of Mateika is also 
of a reddish colour and may have been cemented in the same manner ; but whether 
this be so or not, it is clear that in the case of Amatuku consolidation is far from 
suggesting a negative movement of the strand. It is difiicult, however, to account 
for the alternation of nearly horizontal sand and pebble beds, without assuming that 
they were laid down under water, and this would involve a subsequent change in the 
relative level of land and sea. The " phosphates " present in these beds may possess 
some slight economic value ; at any rate they might be used with advantage by 
the native population, as a contribution to the manure which they are in the habit 
of applying to the bananas of the Taro Swamp. 

The levellings across the islets revealed nothing inconsistent with that negative 
movement of the strand, of which certain evidence seemed to be afforded by the 
Ileliopora reef ; but a doubt still remains in my mind as regards the structure of 
the pinnacles of the outer glacis ; their base is, I feel sure, formed by the breccia 
beds, but their upper portion seems, in some cases at least, to consist of coral growths 
in place. If this should prove to be the case, the courae of events during the later 
history of the atoll would have been more complicated than we have supposed, 
for we should be able to distinguish four periods, each corresponding to a change of 
sea-level, as follows : — 

1. Taiisale period .... Sea-level relatively higher. 

2. Breccia beds .... „ lower than 1. 

3. Coral growth of pinnacles . ,, higher than 2. 

4. Existing reef .... „ lower than 3. 

E 
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In tliis connection a quotation from Darwin may tje apposite; he says* — '"I liave 
referred to these possibilities merely to show how difficult it must ever be to judge 
wliether low coral formations have really }>een raised to a heifjht of only two or three 
feet, as 1)axa lielieves to have Ix^en tlu; case with several gioups of atolls. To me 
it seems more j)rol)able that all the al)Ove-mentioned appearances merely indicate 
that the atolls in fpiestion have long remained at the same level." If, however, 
the conclusion arrived at by so excellent an ol>server as Professor Dana should 
hereafter l>e confirmed, the question will arise, seeing how immense an area has 
l)een thus affected, whether those geologists are not right who l>elieve that the 
level of the oce.m is sulyect to secular changes from astronomical causes. t 

A j)ossible c.iuse affecting some of the superficial features of the atoll may Ije 
briefly noticed. We have already seen that lK)th our borings revealed iw a considerable 
distance downwards the existence of loose imconsolidated sand and coral cUbriSy 
and it is not a little remarkable that material so little aggregated should be able to 
sustain itself in slopes of as much as 80^, such as occur between 36 and 129 fathoms 
on the flanks of Funafuti. The possibility of submarine slips naturally suggests 
itself, and a giving way of the reef, such as would jn-ecede a fall, seeuLs to 1x3 indicated 
})y a long continuous crack, whicli I observed traversing the hard seaward platfoim of 
Funafuti islet for a distance of al>out a hundred yards, and in a direction |)amllel to 
the coast. It is shari)ly cut and very narrow, never attaining, so far as I remember, 
a width of quite an inch. Darwi}^, however, has an account of othere still wider 
which are met with in the Caroline Islands, his words arej '* on OuUeay Atoll, . . . , 
Admiral Lutki^: informs me that he observed several straight fissures aljout a foot in 

* * Coral Keefs,* p. 173, 3rd edition. 

t If the four stages, which we have suggested, really did occur in the history of Funafuti, they might 
very well be correlated with such movements of the oceiin level as we should have exi>ected on a priori 
grounds to have occurred in tropical regions during the Pleistocene period. The accumulation of ice 
H))out the polar regions during the glacial episode would seem almost necessarily to have brought about a 
lowering of the sealevel in the tropics, and if it did we might distinguish four different levels as having 
existed in these regions during Pleistocene times ; they would have been as follows : — (a) Pre-glacial 
I)eriod, sea-level relatively higher ; (/>) glacial period, sea-level relatively lower ; (r) genial period, sea- 
level relatively higher ; (tl) present period, seii-level relatively lower. The existence of a genial period 
separating the glacial from our own times is indicated by the marine faunas of post-glucial deposits found 
l>oth in the Mediterranean basin and off our own shores. It will Ije seen that a close parallelism may be 
drawn between the four periods of seadevel as indicated by the atoll and as deduced from changes of 
climate ; but this parallelism depends on the nature of the pinnacles of the glacis ; if the summits of the.se 
should be found to consist not of corals in the position of growth, but simply of coral breccia, then the 
supposed parallelism will disappear, and we shall have to cciUclude either that the Taiisale period corre- 
sponds to the last genial episode which has affected our planet — and in this there would appear to be 
nothing improbable; or that the atoll affords no evidence either for or against the doctrine of the 
association of changes of ocean level with those of terrestrial climate ; it would then follow that those 
changes of level which we have descrilicd must be explained in some other way, and most likely l»y move 
ments of the atoll itself. 

J OjK c//., p. 132. 
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width, running for some hundred yards obHquely across the whole width of the reef. 
Fissures indicate a stretching of the earth's crust." 

Neither in Funafuti, nor apparently in the OuUeay Atoll, do the fissures pass into 
faults ; should they do so, and a downthrow occur on the seaward side, the curve of 
stability whicli now characterises the ocean beach of the atolls would be destroyed, 
and the sea would make inroads on the land, which would almost certainly lead to a 
redistribution of all superficial deposits in the vicinity. The effects, however, would 
be limited within a narrow area, and submarine slips cannot be appealed to as an 
explanation of quite general characters, such as those presented by the breccia 
beds and pinnacles. In this connection attention may be again directed to the very 
steep slopes, sometimes amounting to 80°, already mentioned. These can scarcely 
exist in loose material ; submarine cliffs 300 feet high, and nearly vertical, must surely 
correspond with hard rock. The steepest cliff, that just mentioned, begins to descend 
at a depth of 450 feet, but some fairly steep slopes commence at 300 feet, and 
some 90 feet in height at 60 feet ; hence, since our first bore-hole exceeded 60 feet 
in depth without passing through thick limestone, it would appear that the hard 
rock suggested by these outer steep slopes is not to be correlated with depth ; it is 
more probably a feature of the outer reef, which consequently may possess a very 
different structure to that part which is accessible to bore-holes. By the nature of 
the case a bore-hole sunk, however near to the sea-margin, must enter the ground at 
some distance from the growing reef and become the more remote from this the 
deeper it descends, while at the same time it will approach continually nearer tlie 
supposed site of lagoon deposits. Thus too much stress must not be laid on the 
unconsolidated character of the material met with in our bore-holes ; the exterior 
of the atoll may be faced with solid limestone, which, like a retaining wall, may hold 
up the looser deposits within. These, though preserved from giving way on a large 
scale, may still be liable to a certain amount of subsidence, sufficient to account for 
the cracks which have been observed in the ocean glacis. 

Our observations on the lagoon suggest that it is gradually filling up. The three 
chief rock-formers — corals, foraminifera, and calcareous algae — abound in its waters. 
Its floor is rich in growing corals, which, as shown in the chart prepared by 
(Japtain Field, frequently form reefs rising nearly, and sometimes quite, to the 
level of low tides. On one of these, Te Akau Tuluaga, I landed, and found botli dead 
and living corals at its margin, whilst its surface was covered with sand and coral 
fragments. This reef seems to liave giown noticeably in recent times, for Mr. O'Brien, 
the wliite trader on tlie island, informed me that when he first knew it its surface was 
3 or 4 feet lx?low low-tide level. But the reefs shown on the chart represent only a 
fraction of the coral which flourishes on the floor. On the western side (within the 
" nose " of the atoll) is a perfect garden of corals in luxuriant growth, and at various 
j)laces near the shore corals may be seen extending in broad fields from the water's 
edge towards the depths. On the leeward side of the lagocni, opposite the site of the 

V "^ 
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first boring, were numerous reefs, from which we obtained many living corals, mostly 
of similar species to those growing in the outer sea, and though the upper surfaces of 
these reefs exposed at low tide were dead, their sides were completely covered with 
living forms, a fact to which I can bear most positive witness, since I have swum 
round them for a considerable distance at a depth of 4 or 5 feet under water, a feat 
to which I was frequently tempted by tlie extreme beauty of the spectacle afforded 
by the exquisite and vivid tints of the extended coral polyps. 

The calcareous algae are chiefly represented by Halimeday which was brought up by 
most of the soundings, and sometimes filled the net used for dredging. During 
the whole of one afternoon which I spent with the sounding party under Mr. Payne, 
the boatswain, I noticed Haliraecla adherent to tlie armature of the lead nearly every 
time it was brought up. Foraminifera alx)und, and constitute the larger part of the 
sand of the lagoon mounds. The sand in the " neck " (Te Ava uni uni) of the atoll 
is chiefly composed of them, as also is that of the sandy l)eaches, which extend for 
100 yards or so into the lagoon. The growth of these organisms would appear 
to be rapid, for the natives informed us, and Mr. O'Brien, the white trader, confirmed 
their statement, that twenty years ago the lagoon opposite the Mission House was 
14 or 15 feet deep, where now it is filled up with sand nearly to the level of the 
beach. Evidence of a similar rapid tilling up of the lagoon of Nuku lai lai was 
given by Collins, the white trader on that atoll. 

The sand of the beach is constantly shifting under the action of the winds. Pava 
and Fualifeke, shown as separate islets on the chart, are said to be joined together 
afler the prevalence of westerly winds, which sweep the sand to the north and south, 
while easterly winds drive it on to Fualopa. The spot on which our " fale," or native 
house, stood is sometimes buried luider sand by a westerly gale. Notwithstanding 
the large contribution of organic sand which the lagogn is periodically making to the 
land, it is itself, as we have seen, becoming levelled up in places by fresh accessions 
of this material. 

Note. 

Samples of water were collected from the lagoon at different depths for 
chemical examination. Their analysis was most kindly undertaken by Professor 
J. Emerson Reynolds, F.R.S. The results, for the samples collected in lat. 
8° 26' 36" S., long. 178° 55' 22" E., are as follows :— 

Chlorine per litre. 

Surface 1960 

Depth of one fathom 19*24 

Depth of 30 fathoms 19*66 

The COg radical was determined in terms of COjj, and proved to be : — 

Carbon dioxide per 
litre. 

Surface 0*132 

One fathom 0*132 

30 fathoms 0*132 
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SECTION 11. 

REPOKT ON METEOROLOGICAL OBSERVATIONS MADE AT 

FUNAFUTI 

By H. C. Russell, C.MXr., FJtS, 

From a meteorological point of view Professor Sollas's stay on tlie island, extending 
over June and July, was much too short to give a complete idea of the climate, but 
it is interesting as an index of the climate of an island within 10° of the equator 
in the two winter months. 

He was provided with a set of high-class thermometers, consisting of wet and 
dry bulb thermometers, with Kew certificates that they had no errors ; also with a 
maximum, with an error of + 0°'2 Fahr. by Kew certificate, which has been applied, 
and a minimum without error. A shade was constructed by building a small hut 
with banana logs. 

As will be seen by comj)arison with Fiji observations, it was a satisfactory one. 
The observations in June show that the temperature at 9 a.m. ranged from SQ'^'S Fahr. 
on the 11th to 76°*5 on the 16th. The cool days were cloudy ones. The maximum 
temperature, 94°0, was reached on the 11th and 12th, and the lowest maximum, 
81^*5, on the 6th; the lowest temperature at night was 74°*3 on the 22nd. The 
greatest range of temperature on any day was 16°7, i.c, from 91^*0 to 74°*3 on the 
22nd. 

The average 9 a.m. temperature was 83^*8 in June, and 83°*4 in July, and the 
highest in July was 88°'3 on the 28th and 30th, and the lowest was 77°'5 on the 17th. 
The maximum temperature ranged from 91°'5 to 78°, the mean 87°'4 ; in June it 
was from 94° to 81°'5, and the mean 88°'8. The minimum temperature ranged from 
81° to 75°, and mean of maximum and minimum 82°7, while in June the range was 
from 79°"6 to 74°'3, and the mean of maximum and minimum, or the mean shade 
temperature, 82°"8, so that practically the temperatures of these months were alike. 

The greatest humidity in July was 94 per cent, on the 16th, corresponding with 
that in June, and the least 60 per cent. ; that in June being 65 per cent., but 
the average for July is 78 per cent., compared with 79 per cent, in June. 

The nearest point at which regular meteorological observations are taken is 
Suva, Fiji, which is almost in the same longitude as Funafuti, and 8^° farther 
south, and, according to the experience in Australia and elsewhere, a place should be 
about 1° cooler for each degree of difference in latitude. 
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It will be seen in the tabular statement that the shade temperature at 9 a.m. in 
June was 7^ higher, and in July 8^*5 higher than at Fiji, using for Fiji not the 
temperature of the corresponding months in 1896, which were not available, but the 
average of these months for the past nine years. 

Using the same data for the maximum and minimum temperatiue at Fiji, it 
appears that at Funafuti the maximum temperature was, in June ""^'G, and in July 
7^*6 hotter than Fiji, and the minimum in June 6^*9, and in July 9^'5 hotter than 

Fiji- 

Hot as the climate undoubtedly is, the most oppressing part of it is the extreme 

humidity, which approaclied saturation on many days, and maintained tliroughout 

June an average relative humidity of 79 per cent., and in July 78 per cent. ; and 

this with the shade temperature many days over 90°, and averaging for June 88^*8, 

and for July 87''-4. 

These conditions are enervating to the European accustomed to more bracing 

climes, and are only endurable imder the shelter of a large building, with the 

accessories of life for such a climate. If a physical exertion must l^e made, it is 

only possible by an exercise of will, which amounts to an effort, and one soon feels 

that a minimum of clothin^r, such as the natives wear, is the onlv rational dress. 
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Meteorological Observations made at Funafuti (9 a.m. and 3 p.m.), June, 1896. 
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Meteorological Observations made at Funafuti (9 a.m. and 3 p.m.), July, 1896, 
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SECTION III. 

REPORT ON THE RESULTS OF THE MAGNETIC SURVEY OF 
FUNAFUTI ATOLL BY THE OFFICERS OF H.M.S. '* PENGUIN," 1896.* 

By Captain E. W. Creak, R.N., F.R.S. 

The following extract from the iiistructious for the magnetic survey of Funafuti Atoll 
forms the keynote to the objects to be attained, and the subsequent conduct of the 
observations made there : " A magnetic survey of Fimafuti is considered to be of 
importance not only in the interests of terrestrial magnetism, but in its bearing upon 
the geological investigation to be made there." 

Previously to the " Penguin's" visit oin* acquaintance with the magnetic elements at 
Funafuti was confined to a fairly accurate knowledge of the declination, an element 
which can be easily obtained with sufiicient precision by our ships equipped with the 
ordinary instruments of navigation. The inclination and horizontal force were only 
approximately known, being deduced from observations made some hundreds of miles 
distant. There was, consequently, ample need for observation. 

A reference to the accompanying maps (p. 34) shows that the numerous islets of the 
atoll surround a large expanse of water, extending about 13 miles in a north and 
south direction, and 9 miles in breadth at its widest part, and studded with numerous 
coral reefs. It was, therefore, important that this large area, in which possible local 
magnetic disturbance might be found, should not be neglected. Hence the supply of 
the Fox dip and intensity apparatus for observations on a raft capable of being 
moved to any part of lagoon. 

The following is a list of the instruments employed in the survey :— - 

1. For absolute observations on land : 

Unifilar magnetometer, No. 25. 
Barrow's dip circle, No. 34. 

2. For relative observations on the raft : 

Fox dip and intensity apparatus. 

3. For differential observations of the declination : 

A portable differential magnetometer. 

* Forwarded to Sir W. J. L. Wharton, K.C.B., F.R.S, Hydrographer to the Admiralty. 
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Base Station. 

At Funafuti, a quarter of a mile south of the Mission House, a base station was 
selected. Here observations with the absolute instruments were made at the 
commencement and towards the close of the series. The differential declination 
magnetometer w^is also set up, and hourly observations made. The base observations 
with the Fox apparatus were also made here, including the formation of a table of 
equivalent weights. 

Dkirnal V<iriation of the Declination. 

Although some difficulties arose with tlie observation of the differential magneto- 
meter from the instability of the stands upon which the instruments were mounted, 
and from suspension threads breaking, so much care was taken in constantly 
verifying the zero, that the following results may be accepted as a very close 
approximation to the truth : — 

Extreme range : June, 3' 25" ; July, 2' 23". 

The needle attained its extreme deflection — 

June : East extreme, r).30 a.m. ; west extreme, 1.0 p.m. ; 2nd east extreme, 7.0 p.m. 
July : East extreme, 6.30 a.m. ; west extreme, noon ; 2nd east extreme, 7.0 p.m. 

The general characteristics of the diurnal variation therefore approach those 
observed at Kew for example during the summer months, and are as might be 
expected in south latitude during the three months when the winter solstice occurs. 



Normal Values. 

One great object of the magnetic survey was to ascertain if any local magnetic 
disturbance existed, and, if observed, to point out to the geologists the areas of 
greatest disturbance as those where rocks might be nearest the surface and be 
most eligible for borings. The question then arose as to how the best normal 
values could be determined in such an isolated spot. For the declination a close 
approximation was obtained by swinging the ship in deep water both to the north- 
ward and southward of the island, the effects of the iron in the ship and possible 
disturbance of the land being thus eliminated. In the case of the incUnation and 
force the vertical disturbing force caused by the iron in the ship was a Imr to similar 
results, swinging the ship being obviously of no avail. 

The mean of the absolute observations at the land stations was therefore taken 
as normal, the declination having the valuable check of the swinging before 
mentioned. 

F 2 
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Disturbances from the Normal. 

In Table I. the disturbances from the normal are given, the force being expressed 
in terms of C.G.S. units = O'OOOOl. 

These results form the elements from which the Charts 1, 2, 3, 4 (p. 34) are compiled. 

Commencing with the disturbances of the declination on Chart 1, it will be 
observed that principal disturbance occurs at station I, towarcLs the western side 
of the lagoon amounting to 76', the needle l^eing deflected to the westward. 

Again, there is a belt of little or no distiu*bance more nearly defined by the black 
ridge line extending across the east and west axis of the atoll. 

The whole field of disturbance of this element in the north and south direction 
appears to extend from to about 11 miles north of the ridge line and 14 miles to 
south of it ; to the eastward and westward of the atoll the field is indeterminate for 
want of observation. 

On the whole, the chart of the declination disturbances may be considered as 
accurate, tlie observations over the lagoon having been carefully taken on board the 
ship, which gave a steady platform. The observations on land were further corrected 
tor the diurnal variation. 

Turning to the vertical force disturbances on Chart 4, the gi^eatest values ol)sei'ved 
occur at C, D and A, taking them in order of values. 

Taking next the direction of the arrows in the lagoon showing the direction and 
amount of the horizontal disturbance, it will be seen that they point to the origin 
of the principal disturbances a« being due to at least two centres of force situated 
below the ridge line. 

It will be remarked that the principal foci of disturbance at C, D, A, bear 
the plus sign, denoting that the north seeking end of the needle is drawn down- 
wards, and also from the surrounding values of the same sign that the amoimt of 
disturbance of that nature is far in excess of that repelling the needle as shown by 
values bearing the minus sign. 

This is the more remarkable, as heretofore observation has generally shown that 
in islands situated in regions of minus vertical force the reverse order has been the 
rule, and minus vertical force disturbances liave largely exceeded those with the 
plus sign. 

Charts 2 and 3 showing lines of equal disturbance of the inclination and liorizontal 
force do not require any special remarks. 

Before concluding this account of the disturbances, it is necessary to point out 
that although we may accej)t the observations on land at Funafuti Atoll as trust- 
worthy, those of the inclination and force at the lagoon stations are much less so, 
having been taken on a raft in motion and with relative instruments. The general 
features of tlie disturbances may, however, be accepted as correct. 

The regions of greatest disturbance were duly communicated to Professor David 
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in time for the latest boring, but the latter was necessarily undertaken on the 
opposite side of the lagoon to that of the greatest magnetic disturbance, which is 
certainly a matter for regret.* 

In conclusion, it may be remarked that the work which has produced such 
important results for the special objects for which it was undertaken has not assisted 
in throwing light upon the nature of the land causing the magnetic disturbances. 

In Tables II. and III. will be found the results of the observations made both on 
land and afloat during the stay of the ** Penguin'' by Captain A. M. Field, R.N., 
and Lieutenant (now Commander) W. P. Dawson, RN. 

Table 1. — Disturbances from the Normal. 
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* As the success of the boring in the lagoon depended chiefly on the mooring of H.M.S. " Porpoise " 
at a spot where she would l)e sheltered from wind and currents, it was considered prudent not to place the 
site for the first bore further from the main island than was consistent with the above requirements, at the 
same time the site was chosen as near as was practicable to the focus of the eastern region of magnetic 
disturbance. 

Had time allowed after the completion of the first borings the ship would have been moved to the 
actual focus of the eastern region of magnetic disturbance, and a )>ore would have been attempted there 
also, but as the one week available for the whole work was entirely spent in mooring the ship and making 
the two bores at the first site, the proposal to bore at the focus had to be abandoned. The western region 
of magnetic disturbance was too exposed to risk lx>ring there in the first instance. — T. W. E. D. 

t These results were obtained from olwervations made on a wooden raft and are to be considered only 
approximate— the inclination disturbances to ±10', the hor. force to ±100. 

I These disturbances were obtained from observations made on board the ship in the lagoon and may 
be considered correct to ± 5'. 
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Table III. — Observatious made with the Relative Instruments on a Raft and on 

Board the Ship. 



Date. 



1896. 



J line 9 



June 10 



Jul3 



July 13 



n 



Station 

of 

raft. 



A 

B 

C 

D 

K 

F 

G 

H 

I 

K 

North of 

lagoon 

South of 

lagoon 



Bearing 

and distance from 

Fiuiafuti base. 



Declina- 
tion. 



Funafuti ])a8e, S. of 
Mission House. 
Lat. 8' 31' 17" S. 
Long. 179' 12' 23" E. 
S. 88J^ E. (true) 2'-67 
N. 89^ E. „ 5 -43 
N. 89° E. „ 8 -3 
S. 68^" E. „ 6 -67 
S. 58| E. „ 4 -7 
S. 35 E. „ 3-16 
S. 88J^ E. „ 2 -67 
S. 55^ E. „ 3 -67 
S. 67i°E. „ 5-93 
N. 83f E. „ 4 -45 
' Lat. 8^ 22'-0 S. 

Long. 179^ 6'0 E. 
r Lat. 8^ 45'-0 S. 

Long. 179"* 4'-0 E. 



9^ 

8 
7 
9 



9'E 
40 „ 
49 
10 



>> 



^18 50 



9 11 



>» 



99 



)> 



Inclina- 
tion. 



Hori- 
zontal 
force. 



Depth of water in 
fathoms. 



Needle A. C.G.S. 

units. 



18*^ 52'-5 S. 
19 43-0,, 
17 9 -7,, 
0-0„ 
55 "6 



19 
19 
19 

1 



47-5 



» 



99 



3657 
3636 
3687 
3613 
3617 
3637 



In 23 fms. sand and coral. 
23 
22 
3 
30 



Observations ob- — 

i tained on board — 

by swi nging the Station N. of lagoon in 
sh ip. 600 fms. 

Station S. of lagoon in 
150 to 500 fms. 



I 
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SEf.TION. n^ 

NARllATIVE OF THE SECOND AND THIRD EXPEDITIONS. 

By Prof feasor T. W. Edoewobth David, B.A.. F.R.S. 

Thk Funafuti Exjieditioii of 1 897 was the outcome chiefly of a syiajiathetic letter 
from Profe8>4^>r Juou. with regarrl to the faihire of the rliamoiKl-(h-ill lioring of 1896, 
in which he expressed the hojje that s^^^me attempt might still Ix? made to retrieve 
the failure. The F3xj>edition of 1896. while successful in many ways, had broken 
down in precisely that hi-anch for which we. in New South Wales, had held ourselves 
responsihle. viz.. the lK»ring. We felt that it was due to Professf>r Sollas. and to 
thase assr)ciated with him in the enterjjrise. to make ^jjikxI to them, if jx«sible, that 
which the 1896 Exi>edition lacked, viz.. a core of coral rock from the surface to a depth 
of 500 to 1000 feet. Without this obviously Darwin's wish to test the atoll question 
by }x)ring to this depth (yoxiXA never Ije realised. 

It may here \nt state 1 that the diamond-drill apparatus sent in 1896 was the best 
that the Colony could supply, and if the Funafuti rock had possessed the hardness and 
density of sandstone or granite or l>asalt, a depth of 500 to 1000 feet would proliably 
have been attained in the time available. The apparatus, however, sent in 1896, 
was not capable of lK)ring through alternating layei^s of hard cavernous coral i*ock 
and disintegrated materials, but was specially adapted for boring a material of 
sufficient compactness and strength to make it unnecessary to line the sides of the 
borehole with iron pipes. Professor Sollas had, indeed, supplied us with the report of 
Sir Edward Bki^hku's attem])t to bore the coral rock at Hao. The depth attained, 
however, on that (occasion was so insignificant that it gave us little information as 
to the nature of reef rock at some depth under an atoll. The bores in reef rock at 
Oahu in Sandwich Islands and at Key West, near Florida, were put down with 
percussion drills, which rendered it difficult to ascertain the exact chai-acter of the 
rock penetrated, though the general evidence was that the rock was fairly compact. 
Our knowledge of raised reef limestone in the Pacific led us to the same conclusion. 
This misapprehension of the true character of the reef rock to be encountered at 
Funafuti, led to the apparatus sent in 1896 being defective in the following 
respects: — (I) The supply of lining pipes was insufficient; (2) no steel shoes to 
screw on to the leading end of the lining pipes w^ere sent ; (3) no under-reamers 
constructed to project a strong stream of water from their under-surface were 
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sent. Our experience of 18D7 showed that it was impossible for Professor Sollas, 
witli a boring apparatus wanting in the above respects, to have bored deeper than he 
did. In view of our 1897 experience, we were surprised that it was found 'possible to 
bore, without an under-reamer, to a depth of over 100 feet in the reef rock of Funafuti, 
as was done by the Expedition of 1896. 

Our boring experience in New South Wales in rocks other than reef rock has 
shown that the most difficult and costly type of rock to bore with a diamond drill 
is anv cavernous varietv, like vesicular basalt. The small cavities in such a rock 
cause much splintering of the diamonds and jarring of the diamond-drill machinery. 
When, however, as proved to be the case at Funafuti, the size of the cavities varies 
from a fraction of an inch up to over a foot or even several feet in diameter, and the 
larger of them are filled with running detritus, the difficulties of diamond drilling 
are immensely increased. 

After the receipt of Professor Judd's letter, we consulted men exi:)erienced in 
diamond drilling as to our chances of success if we attempted another bore at 
Funafuti, but the hopes they held out were not encouraging. Mr. W. H. J. Slee, 
however, the Government Superintendent of Diamond Drills, w^as confident that 
with proper precautions the work coidd be done, and at once promised his cordial 
support if the Government aj)proved of the proposal. Professor Anderson Stuart 
and I then attempted to raise the necessary funds. Mr. H. S. W. Crummer, the 
Hon. Secretary of the Royal Geographical Society of Australasia, co-operated, 
and the above Society, whose President, the Hon. Philip Gidley King, was 
formerly a colleague of Darwin on H.M.S. *' Beagle," rendered us valuable assistance. 
We laid our plans before Senator J. T. Walker, with the result that, after a 
few weeks' consideration. Miss Eadith Walker, of *^ Yaralla," Concord, Sydney, very 
generously subscribed £500 for the Expedition. The Expedition having now been 
brought well within the bounds of possibility, we approached the Government of 
New South Wales. The Premier, the Right Hon. G. H. Reid, P.O., promised 
that the Government would support the undertaking, and the Hon. Sydney 
Smith, the Minister for Mines, sanctioned the loan of one of the Government 
diamond drills. We now applied to the Royal Society of London for further 
pecuniary aid, to which they liberally responded, and meanwhile the late Mr. Ralph 
Abercromby, the Meteorologist of Elizabeth Bay, Sydney, was good enough to 
subscribe £100 to the Expedition. 

Preparations w^ere now made for our departure. Special care was taken by 
Mr. J. S. Leigh of the Diamond Drill Branch, in accordance with Mr. Slee's 
instructions, to see to the construction of a good type of under-reamer, and the 
securing of the manufacture of the best type of steel shoes for the lining pipes. 
Meanwhile I tried to secure the services of some of my Australian geological colleagues 
for the Expedition. Mr. C. C. Brittlebank, of Myrniong, Victoria, who at first 
arranged to come with us, was eventually prevented, which was a serious loss to the 

G 
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Expedition, but fortunately Mr. G. Swket, F.G.8., of Melbourne, was able to joiii 
me. Later two of my University Students — Mr. W. G. Woolnough, B.Sc, F.G.S., 
and Mr. W. Poole, B.E., F.G.S. — volunteered their services ; these with my wife 
and myself and the contingent in charge of the diamond drill completed the party. 
The latter comprised the following : — J. Hall (foreman-in-charge) ; G. Burns 
(assistant foreman) ; J. Garland (assistant foreman and artificer) ; J. Dent (assistant) ; 
E. A. Hambly (assistant); F. Smith (assistant). We had hoped that Professor 
SoLLAS might l)e able to join us later, but unfortunately his work at the University 
of Oxford made that impossible. 

In addition to the diamond drill, we got ready a small drill to he mounted on a 
wooden platform alx)ut 10 feet high, and to be driven by an oil engine. This was 
designed for boring at the small sand patch known as Te Akau Tuluaga, near the centre 
of the Funafuti Lagoon. We were informed, but the information proved to be 
erroneous, that this patch was an island a little above high water, in which case it 
would have been an ideal site for a bore. This small drill was designed by 
Mr. W. R Smeeth, M.A., B.E., A.R.S.M., who was most useful and untiring in 
assisting me in the final pre})arations for the Expedition. We also provided 
ourselves with a strong new ]x)at, 20 feet in length, which was purchased for us by 
the Hon. H. C. Dangar and Professor Anderson Stuart. Lastly, we had prepared 
the material for a corrugated iron shed. We originally intended sailing down from 
Sydney in the barque " Looiigana," trading with the Gilbert and Ellice Islands, and 
had actually made provisional agreements for the freights and passages with her 
owners. She was, however, seriously delayed on her return journey from these 
islands, and as she was several weeks overdue, and June was already approaching, 
we had to devise some other means of transport to Funafuti. Eventually we arranged 
to go by the Union Company's s.s. " Taviuni " from Sydney to Suva, transhipping 
from that port in the same Company's coasting steamer " Maori." The cost, however, 
of this arrangement was far in excess of our original estimate, which was based on 
the tender of the owners of the "Loongana," and through want of fimds it appeai'ed, 
up to the day ])efore the " Taviuni " actually sailed, that the whole Expedition 
would have to be indefinitely postponed. In this serious crisis Miss P^aditii Walker 
assisted us most handsomely by providing a loan of .£400 (£150 of which she 
subsequently added as a donation to her original gift of £500). 

Before our departure Mr. Stanley Gardiner and also Mr. C. Hedley gave me 
much useful information ; Professor Liversidge supplied Winchester quart bottles 
for obtaining samples of sea-water for analysis, Professor Haswell a large toothed 
iron crown for dredging as well as a dredge, Mr. J. P. Hill a dredge, and 
Mr. R. Etheridge, Junior, a dredge and tangle bar. Mr. J. H. Maiden, the 
Director of the Botanic Gardens, furnished material for botanical collecting, and 
Mr. H. C. Russell, F.R.S., Director of the Sydney Observatory, supplied us with 
minimum thermometers. Mr. G. H. Halligan, L.S., F.G.S., Government Hydro- 
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grapher, lent us (with the kind consent of the Hon. J. H. Young, Minister for Works) 
several useful pieces of l)oring and dredging apparatus. 

We left Sydney in the "Taviuni" at 1 am. on June 3rd, 1897, arriving at Suva 
on June 10th. The Hon. B. G. Corney, M.D., at once came on board, and informed 
us that through the kindness of Mr. E. W. Knox and Mi'. Gemmel Smith, of the 
Colonial Sugar Company, he had been able to arrange for a large punt, belonging to 
that Company, to come alongside the ** Taviuni " for the purpose of " lightering " 
our gear and storing it until the s.s. " Maori " was ready to take it qn board. 
This period of trans!) ipment was a very anxious one, as we had over 200 
packages of gear and stores (including one 3-ton boiler and one Ij-ton boiler) with 
over 1400 feet of lx)ring rods and over 2000 feet of lining pipes. Mr. Sweet and 
Messrs. Woolnough and Poole rendered excellent service in connection with the 
tallying of the gear and stores. 

The *' Maori" did not sail until June 1 5th, and in the interval Dr. and Mrs. Cobney 
made our stay at Suva enjoyable and interesting. We visited under Dr. Corney s 
guidance the raised reef at Walu Bay, near Suva. The reef is about 45 feet in 
thickness, having at its base a conglomeratic bank of coarse waterworn pebbles of 
andesite, quartz- porphyry, and more rarely quartz- schist. The reef is capped by 
about 50 feet of soapstone (the well-known tuffaceous foraminiferal rock of Fiji), and 
rests on a similar formation. The base of this reef is approximately a little over 
100 feet above sea-level. The Hon. A. M. T. Duncan had 73 tons of coal shipped 
for us on the " Maori," which, with the 63 tons already landed for us at Funafuti by 
S.S. ** Archer," would raise our total coal supply available for the drill when Funafuti 
was reached to 1 36 tons. 

The Hon. James Stuart, C.M.G., and the Conmiissioner for Works and Water 
Supply, Mr. John Beury, also rendered us kind services. Nothing, indeed, could 
have exceeded the kindness shown us by the Government as well as by personal 
friends in Fiji. We left Suva early on June 15th, Dr. Corney supplying us with a 
large quantity of bamboos, which at the time seemed superfluous, but which afterwards 
we were very thankful to have for rafting the boilers ashore and supplying poles for 
carrying the gear across the island. 

We entered the circular reef of Weilagalala, and landed at the central island, 
afterwards the scene of Professor Agassiz's bore, on June 16th. We loft 
the same day for Funafuti. The weather most of the way down was ramy and 
rough. 

We arrived off Funafuti on Saturday, June 19th, sighting the atoll at 4 a.m. The 
night was clear and the morning star shone brightly. Captain MacLean having 
identified the white beacon on the south end of Funamanu, which marks the entrance 
to the Bua Bua Passage, we steered for it and were soon inside the Funafuti Lagoon, 
and with the help of the detailed chart kindly given me by Captain Field, R.N., we 
were able to steam right ahead to the main village, Fongafale, off which w^ anchored. 

G 2 
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The official letter to the Tupu of Funaftiti from the High Commissioner of the 
Western Pacific, Sir Henry S. Berkeley, having been duly presented, we landed, 
and an examination was at once made of the island near the village with a view to 
choosing a favourable spot for the diamond drill. The spot selected is shown on 
Plate 9 near Section 10 and also on Plate 19, and bears about N. 31° E. (magnetic) 
from the mission church, 450 yards distant. 

Meanwhile, Captain Maclean made a raft, partly out of the bamboos given us by 
Dr. CoRNEY, partly out of the timber belonging to the little drill, and native porters 
having been engaged, the work of unloading and landing the gear and carrying 
it across the island to the site for the drill camp was proceeded with at once, 
heavy rain falling towards evening. The next day, Sunday and the Diamond 
Jubilee Day of her late Majesty was kept as a day of rest for all hands. A Royal 
Salute was fired and the National Anthem sung. The following day, l)y dint of 
working from sunrise to after dark, all our material, including the coal, was landed in 
the midst of the heavy downpours of tropical rain, and the s.s. "Maori "left the 
island at daybreak the following morning (June 22). Mr. Sweet rendered very 
valuable service in the work of transporting the drill machinery, including the heavy 
boilei*s, across the island, and in erecting a commodious shed of corrugated iron for 
our stores.* 

The diamond-drill men fixed their tents and water tanks and erected the derrick 
and drill, and on the eleventh day after oui* arrival at the island the I'upu turned 
on the steam and so started the drilling. The rock of the reef platform upon which 
we started boring was so tough that the drill was running for several hours without 
boring more than an inch or so. This, however, was partly due to the diamcmds 
being inset rather too deeply into the soft-steel boring-crown. 

Meanwhile having ascertained that the information given me in Sydney that there 
was a small island in the middle of the lagoon was wholly incorrect, there being 
nothing but a shoal, known as Te Akau Tuluaga, difficult of access from the village 
(about 5 miles distant), difficult too for landing gear and having a dangerous break 
over it during rough weather, I reluctantly decided to abandon the attempt to get 
a bore down with the little drill in the middle of the lagoon. 

To this decision I was led ])y the consideration that the delay in erecting 
the staging and oil engine would have been very considerable. It would have 
been possible to work at the erecting of the drill only after half-tide at this shoal 
and then calm weather would have been essential. Every piece of machinery 
would have had to be taken by boat, and the wooden staging must have been towed 
in instalments. Each journey to and from the shoal would have meant 10 miles at 

* This shed proved a great comfort and convenience (hiring the whole of onr visit, and we should 
strongly recommend any future expedition, gohig under conditions like ours, to provide themselves with a 
similar shed of galvanised iron roof and sides, with the timber of the framework ready cut to length and 
numbered so that it can be quickly fitted together. 
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least, the return journey having to be made in the teeth of the trade wind. It would, 
I estimated, have occupied fully a month to erect the staging and the machinery, and 
under the circumstances I questioned whether we should succeed in doing this 
satisfactorily at all in the time at our disposal. The cost of boat hire and labour hire 
too would have amounted to fi-om £40 to £50, which was more than 1 could afford 
for the purpose, such small amount of cash as T had being reserved chiefly for dredging 
and drilling operations on the steep ocean face of the reef It seemed best under the 
circumstances to try and get a bore down on the lagoon edge of the reef due west 
of the diamond-drill bore, with a view of ascertaining the dip, if any, of strata struck 
in the main bore.* 

After hard work we succeeded in starting the little drill on the sixteenth day 
after our arrival. After passing through 7 feet of foraminiferal and lialimecla detritus 
we encountered a coarse coral shingle for about 2 feet, then a cavernous Ileliopora 
cwrulea reef-rock with the spaces between the branches partly filled in by a growth 
of Lithothamnion , a rock which is precisely similar to that penetrated at a shnilar 
depth by the diamond drill. The little drill was not intended for boring hard rock, 
as we had anticipated that the material of the supposed island at the middle of the 
lagoon would be soft. We tried boring with a bit which we armed with sapphires, 
but they proved much too brittle for boring the coral rock, splintering quickly along 
the cleavage planes. We then tried chips of steel files and succeeded in cutting 
through the coral rock for 16 feet with these, but the file chips soon had their cutting 
edges blunted and needed to be constantly replaced, which was laborious and wasted 
much time. We could, nevertheless, have bored much deeper by this means, if it 
had not been for (1) The very heavy silt which choked our bore-hole directly the 
pump stopped working, and (2) We had no under-reamer which would jet water from 
its under surface concurrently with the work of boring. Our under-reamer was one 
of the "ball" type, worked on the percussion principle, the favourite type used by 
artesian well drillers in New South Wales. As soon, however, as we drew up our 
}x)ring rods and lowered the ball under-reamer to under ream the coral rock, we found 
that silt had risen in the bore-hole to a height of ten feet or more. We attempted to 
get rid of this silt with a sand pump, but as often as we withdrew the sand piunp 
from the bore-hole fresh silt flowed in from the tortuous channels at the side. As 
all attempts to *^ monkey" our lining pipes through this hard coral rock failed, we 
were forced at last to abandon this small borehole at a depth of 25 feet.t 

The following is the section obtained in the small bore : — Surface of bore about 

* It may be here mentioned that it seems to Mr. Halligan and myself that it would be quite possible 
and very desirable to put down a bore at Te Akau Tuluaga, but the drilling apparatus, and staging to carry 
it, should be of a design different from that which we had with us. Our small drill and staging were 
built to be used on a sandy islet above the level of high water, and were not suitable for this shoal. 

t It must not l>e thought that we had come entirely unprepared for boring through silt. The results 
of the former boring expedition had shown only too plainly that heavy silt was to be expected, especially 
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5 feet 4 inches, above high water spring tide ; 7 feet (about) sand, largely 
foraminiferal ; 2 feet pebbly sand passing downwards into shingle ; 1 6 feet very 
cavernous Ileliopora cfBndca reef-rock with the spaces between the branches partly 
filled with a growth of lAthothamnion and Polytrema, and loose running sand. We 
subsequently dismantled this small drill and converted the staging into a rafl, to the 
corners of which we lashed empty iron tanks in order to increase its buoyancy. Our 
intention was to put a bore down by means of this rafl in the deepest part of the 
lagoon. On August 6th, all being in readiness, we towed the boring raft out into 
the lagoon, using the derrick as a mast to which we attached a tarpaulin for sail. 
Unfortunately for us, ])efore we had reached the centre of the lagoon, a gale sprang 
up from the S.S.E. The short waves ])roke heavily and in quick succession over our 
raft and the 3-inch ropes lashing our tanks l)ecame rapidly frayed through. The 
wind and current were so strong that we were unable to make the shoal of Te 
Akau Tuluaga, and were drifted rapidly past it towards the north-west passage of the 
reef, thus running some danger of being blown out to sea. As we were preparing to 
let go our improvised anchors one of the tanks broke adrift, but was rapidly relashed by 
the late native magistrate, Opetaia, and his men. As soon, however, as the anchors 
held, the raft was swept so strongly by the seas that it was almost impossible for 
anything to live on its deck. Under these circumstances it seemed that the best 
thing was to try and save the tanks, which were constantly breaking adrifl through 
the snapping of the frayed ropes, leave the raft at anchor, and return when the 
weather had moderated. The heavy seas had sprung the wooden lids of the tanks, 
and as they were mostly nearly full of water we let three of them down to the bottom 
of the lag(X)n in abcnit 12 fathoms, securing them by ropes to the raft. Meanwhile 
just as the last tank was made fast the raflt heeled over, and eventually floated bottom 
uppermast. After a tough pull w^e safely weathered the north-west passage, and 
returned to camp, in a somewhat exhausted condition, before midnight. 

The gale continued for two days longer, and then as the weather slightly moderated 
we attempted further Siilvage operations, hoping to get the raft righted and start 
the lagoon boring. Mr. W. G. Woolnough rendered splendid service at this part of 
the work in diving under the raft with the natives and seeing to the unscrewing of 
the bolts of the submerged iron winch. The recovery of this and of the pulleys, the 
latter in about 15 feet of water, was a good piece of work in view of the choppy state 
of the sea. As, however, the raft had dragged its anchors during the gale, the ropes 
fiistening the tanks were found to be broken, and as its buoyancy was insufficient for 

in any l)ore located near the ocean face of the reef, and accordingly we had taken two powerful jetting 
under- reamers (provided by Mr. W. H. J. Slee) with the main diamond drill. One of theae would have 
jusi fitted our bore-hole, but we thought the risk of using it in view of its being absolutely indispensable 
to the success of the main diamond-drill bore was too great. At the same time it must be said that we 
wer'.» not propiire<l to find the silting as heavy as it proved to be, at such a distance from the ocean face of 
the reef as that at whir.h we suirted oiu- small liore, viz., 360 yards. 
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boring purposes, in the absence of the tanks, we decided to abandon it, so we hauled 
in the ropes and anchors, and allowed it to drift on to the lee shore of the reef near 
Tebuka, where it was quickly broken to pieces by the waves. 

Although this attempt at boring the bottom of the lagoon failed, it paved the way 
for the expedition later under Mr. G. H. Halligan, in H.M.S. "Porpoise," Captain 
F. C. D. Sturdee, R.N. The very successful boring of the floor of the lagoon by 
Captain Sturdee and Mr. Halligan in 1898 is described in another part of this volume. 
For the rest of our stay at the atoll, Messns. Sweet, Poole, Woolnougu and I 
employed our time chiefly in dredging and chopping the reef-rock (between levels of 
20 fathoms and 200 fathoms) on the ocean slope of the reef, and in making a 
geological survey of the atoll. The latter part of this work was accomplished chiefly 
by Mr. G. Sweet after I left the atoll. Our dredging and geological work is detailed 
in separate reports in this volume. 

We may now return to consider the progress made at the main bore. By July 5th 
the diamond drill was down 58 feet. On July 10th, when a depth of 62 feet had 
been attained, a serious accident happened to the diamond drill. The large under- 
reamer was being used at the time. The lower part, through friction in the silt, 
became twisted and torn completely off* the upper part, and under-reaming being 
continued for a short time after the accident had happened before it was noticed that 
anything was wrong, the broken piece became jammed obliquely across the bore-hole. 
All attempts at recovering the broken half failed for some time. A die was then 
prepared and its under surface was armed with a mixture of beeswax, resin, and 
tallow. A pipe was fixed in the centre of this apparatus so as to wash away the silt, 
while the die was being lowered in the bore-hole. A cast having been obtained by 
this means of the exact shape of the part of the broken fragment which lay 
uppermost, one of the tapering screw taps was specially modified so as to fit into the 
broken under-reamer and great efforts were made to recover it, but all to no purpose.* 

The foreman-in-charge told me that it was useless to try fishing any more for the 
broken under-reamer, and that the only thing to be done was to shift the drill to a 

* This accident was due to a defective design in the under-reamer. Instead of jetting water from the 
very bottom, it was so constructed that the water was jetted from the openings through which the under- 
reaming " dogs " were swimg out. These openings were about a foot above the lower end of the under- 
reamer, consequently as it was generally necessary to force the under-reamer down, in the process of 
under-reaming through silt (which kept flowing into the bore-hole at the bottom and sides of the bore) 
while the upper part of the under-reamer would be working freely — the silt having been washed away 
fromi around it by the hydraulic water-jets escaping from the slots in which the "dogs " were hinged — the 
lower part would be grinding heavily in the silt. At last the torsion became so great that the lower half 
was twisted off from the upper, causing the serious delay mentioned above. Mr. Garland, the mechanic 
of our party, much improved the remaining under-reamer, after the above accident, by fixing a strong iron 
pipe right through it, so that the water was jetted entirely from below the under-reamer, instead of from 
the " dog " slots. 

The absolute necessity for having all tools to be used in boring or intended to reach the bottom of the 
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fresh site. He himself at the time was very ill with a dangerously ulcerated leg ; two 
of the other drill men were also suffering from ulcers though less severely. It looked 
as though our attempts at boring the atoll would prove a failure. It was now" over 
three weeks since w^e had landed on the island, and we had bored only to a depth of 
62 feet. At this juncture, Foreman Burns came to the rescue and begged to be allowed a 
little longer trial at recovering the under-reamer. On July iJlith, amid great shouting 
and cheering, the broken under-reamer was brought to tlie surface, and the work of 
lining the bore with 5-inch tubes w^as at once proceeded with. Tlie coral rock proving 
somewhat soft below this level, it was found possible to ** monkey" down these 
5-inch pipes to the depth of 118 feet. At this depth the 5-inch pipes lining the bore- 
hole screwed on to their lower end, telescoped into the steel shoe, and it became 
necessary to cut away the telesco])ed portion with a steel cutter.* 

Fortunately we had a duplicate set of left-handed screw rods for this w^ork. 
Otherwise the result of the boring with the steel cutter would have had the effect of 
unscrewing the steel shoe, which would have proved fatal to further l)oring. It w^as 
of course impossible to drive down the 5-inch casing any deeper, after the bottom 
tube had telescoped, so that it at once became necessary to reduce the diameter of the 
l)ore. This was a misfortune of no little gravity. It meant that we had now come to 
our last resource, the 4-inch lining pipes. If any accident should happen to them we 
could go no farther. Great precautions w^ere accordingly taken in preparing for using 
our last set of lining pipes. The steel shoe was found to have heen a trifle over- 
tempered, and so it was re-tempered very carefully at the forge until by actual 
experiment it was ascertained exactly what temper suited it best for cutting coral 
rock without risk of splintering on the one hand or l)ending on the other. This having 
been done, the greatest attention was paid to securing an accurate, close fitting and 
rectangular joint where the lower rim and the soft steel lining pipe rested, when 
II' . screwed home, upon the shoulder of the hard steel shoe. Our previous accident had 

taught us the vital importance of attention to these details. 

].: bore so constructed that they jet water from the very bottom was specially emphasised in this case. In 

the screw tap, by means of which the broken half of the under-reamer was eventually recovered, the 
i|Ii'; escapes for the hydraulic water had been drilled about 4 inches above the bottom of the tap, and yot 

g;, although the jets were so near the l)ottom, it was found impossible even with several tons pre-ssiu-e to force 

the lower part of the tap through the silt so as to admit of the threads at the upper end of the tap 
gripping the imder-reamer. The tap had actually to have the lower 4 inches cut off it, at our portable 
forge, before it could be driven through the silt. As soon as this was done, so that the water was 
jetted from the actual bottom of the tap, not the least difficulty was experienced in driving it through the 
silt, and getting it to enter the cavity at the top of the broken under-reamer. 
'i * This mishap was due to the fact that the bearing surface of the bottom of the pipe against the 

j shoulder of the steel shoe was not accurately at right angles to the axis of the boring pipe, but instead 

had a very slight inclination inwards. The result of this was that when the heavy monkeying bulged 
the threads at the screw joint slightly downwards, the lower rim of the pipe commenced to telescope into 
the collar of the steel shoe. 
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The outlook now was uone too hopefiil. It was nearly a month since we landed ; 
we had bored only 118 feet, had had two serious accidents, and were now reduced to 
our last set of lining pipes ; we knew that if anything happened to them like that 
which had happened to the 5-inch pipes the boring would be a failure. The foreman 
of the drill, H^ll, was l^ecoming seriously ill, and we feared his leg would mortify, 
while one of the foremen and one of the drill men were also suffering, though less 
severely, from ulcerated legs. 

At this juncture a cleus ex machiud arrived on July 18, in person of Dr. CoRNEY, 
in the Government steamer " Clyde " from Fiji. The " Clyde" had come vid Kotuma, 
and passing close to Sophia Island, the southernmost of the Ellice Group, Captain 
Callaghax ol)8erved signals for help, and standing in found that there was a ship- 
WTecked crew of 1 3 Norwegian Si\ilors ashore. Their ship had Ijeen lost near Maiden 
Island and they had been drifted about 1G60 miles to Sophia Island, in their vain 
endeavour to make the Fiji Group. They had been on Sophia Island for ten months, 
and had subsisted chiefly on turtles and fish. 

Dr. CoRNEY l^rought us our Sydney mails, together with a welcome supply of cash 
forwarded by Mr. Pitman* from Sydney, and a considerable supply of fruit, and what 
was most important a good supply of medicine. He prescribed for the sick, and 
cheered" us all up wonderfully. The numerous sympathetic letters received from our 
friends were also an immense encouragement. It is not too much to say that the 
coming of Dr. Corney was the turning point in our fortunes. The material to be 
drilled became somewhat softer, so that it was often possible to " monkey " the 4-inch 
lining pipes down without having recourse to under-reaming, and this proved an 
inmiense saving in time, as our experience proved that it took just twice as long to 
under-ream as to }x)re. On July 26, the rods of the big drill became jammed in the 
silt at a depth of 212 feet. The combined force of the diamond-drill hydraulic cylinders 
and of the 3-ton jacks failed to move them. The foreman suggested forcing water 
down the 4-inch lining pipes, to try and loosen the silt around the boring rods. 
Accordingly the drill pump was kept going all night forcing water down the lining 
pipes, instead of down the lx>ring rods. By this means the silt between the boring 
rods and the lining pipes was gradually driven downwards and outwards below the 
lining pipes into the numerous crevices of the coral rock in the unlined (lower) portion 
of the lx)re-hole. This device was successful and the rods were safely withdrawn. 
This accident proved the danger of boring for more than a few feet ahead of the lining 
pipes. Two dangei^i, however, now l>egan to threaten the boring. (1) The supply of 
coal was getting low, and (2) the jarring, caused by the '' dogs '* of the under-reamer 
catching projecting pieces of cavernous coral rock at the sides of the bore-hole, shattered 
the teeth of the Ijevelled gearing wheels of the drill. To lessen the fii'st of these 
dangers the natives were commissioned to cut and carry to the drill supplies of Ngie 
w^ood, for which we paid at the rate of 10.s. for 50 small baskets. The broken teeth 
of the beveUed wheel were laboriously replaced by Garland and the other drill men, 

H 
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Ijy drilling two holes wliere eacli twtli had Iweii Imt and theu sciewing into tliem a 
pair of false teeth made of pieces cut from wi-ought-iron iKtlts. 

At last, liriwever. so serious a hreak occurred in the crown gearing wheel that the 
artificer ctjnsidered that it was impossihle to repair it without ven' considerable delay. 
We were, therefore, much surprised on our return to the drill camp a fe%v hours later 
to find that the drill was again in ftiU work. The explanation was as follows : — One 
of the natives named Tim on .seeing the artificer commencing to repair the broken 
wheel exclaimed that he had got one just like that liimself, and presently produced a 
wheel the facsimile of the broken one, with the exception that it was not broken, but 
only sfjmewhat winii, which lie liad just dug up from the roots of one of his cocoanut 
jmlms. He had i)laced it tliere so that tlie iron might act as a fertiliser {fig. 17). 




Fig. 17.— The Fertilising Wheel. 



The exjilariation alwo of the mystery as to how lie came to be possessed of the wheel 
was easily given. On the occjision of Professor Sollas' Expedition in 1896, among 
the veiy few articles left Ijehind was a I)evel gearing wheel the counterpart of the one 
we had bmken ; it belonged in fact to a sister machine to the drill which we were 
using. 'J'his piece of gO(K] fortune enabled us to continue the boring without serious 
delay ; as while one ge^iring wheel was in use, the dupliaite was l>eiiig repaired. 

Hatisfiictory progress was made, but the greatest anxiety was now felt for the coal 
8U])ply, which was fast diminishing. Kvery scrap of coal, including a little left at 
Tjuamanife by the pivvious Expedition, was carefully scraped together, and made to go 
further by burning with it Ngie {Pempfn's acidula) wood sujiplied by the natives. The 
supply of fuel was ahnost completely exhausted, when fortunately H.M.S. "Royalist," 
Captain IIaskx. H.N., anived at Funafuti and anchored in the lagoon. Captain 
IIason at once supplied us with provisions and a sum of money, and jaomised ou his 
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return fi-om the GiUiert Islands to let us have sufficient coal to keep the drill going 
until the arrival of the s.s. '• Aicher." This promise he was good enough to redeem, 
though at considerahle inconvenience to himself, a short time later. 

The London Miasionarv Society s steam vacht '"John Williams " arrived at Fimafiiti 
on September 5th, when the }x)ring had attained a depth of 557 feet. Mr. G. Sweet, 
in accordance with our previous agreement, now undertook the charge of the work, it 
being necessiirv fur me to return at once to i-esume mv Univei-sitv duties at Svdnev. 
Captain E. C Hore, of the '"John Williams/' expeditiously eml>arkeil such portions of 
the drilling plant as were no longer required, and early on September 7th the *' John 
Williams" sailed with Messrs. Poole, Woolnough and mv wife and self for 
Nukulailai. We arrived at Nukulailai on September 8th, and accompanied the 
Rev. W. E. GrOWARD ashore, when Mr. Woolnougu and I made a hunied travei"se 
and geologiccil examination of the main island. The Nukulailai Lagoon is connected 
with the ocean onlv bv shallow lK>at-channels, which are insufficient to lower the level 
of the lagoon at the same rate as the tide tails outside the reef Consequently the 
level of the surface of the water of the lagoon is |)ermanently from alx)ut 2 to 3 feet 
above the level of low- water sj)ring-tides. 

We ascertained that at Nukulailai, as at Funafuti, Ileliopora aerulea had been a 
very important reef former, and found it in large quantities m situ, but dead, upon the 
ocean platform. It attained a level of about 3 feet al)ove low-water spring-tides, so 
that at Nukulailai as at Funaftiti there is evidence of an elevation of the land, or 
a downward movement of the ocean, to the extent of perhaps at least 3 feet. From 
Nukulailai we sailed for Apia, where upon arrival we were most hospitably entertained 
by the Rev. W. E. and Mi-s. Coward, my wife at the time being very ill through a 
severe attack of pleurisy contracted at Funafuti. From Apia, we proceeded to Leone 
Bay, Tutuila, and thence to Nine (Savage Island).* 

Nine has all the appeai-ance of l^eing a mised atoll. We were able to examine part 
of the coast near tlie Rev. F. E. Lawes' Mission Station. The island here is 
distinctly terraced. There are ^t least three, |x)ssibly four, teri-acea The topmost 
is about 200 feet alx)ve sea-level, and is distinctly an old coral I'eef, though the 
corals have suffered so much from weathering and corrosion as to be difficult of 
recognition. If we stand on the edge of this termce it presents the appeamnce of a 
slightly I'aised rim overlooking the plain forming tlie interior of the island. This 
plain has all the appearance of having at one time formed the floor of the lagoon of 
an atoll. This top terrace descends with a steep slope to about 130 feet above sea- 
level, then there is a more gradual slope to about 80 or 90 feet above sea-level, when 
a very well-marked second terrace occurs. An examination of this showed that it 
obviously was considerably newer than the top terrace. Like the latter, it 
evidently represented an old coral reef, as large reef-forming corals were here very 

♦ ' Bull. Mas. Conip. Zool., Hai vaitl Univ.,' vol. 33 (1^99), p. 79. 
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numerous. We were guided by the Rev. F. E. Lawes to a deep ravine, known as 
Vailoa, about a mile uorthwards from the Mission Station. There is a good section 
here, which showed that the upper part of the old reef was coralliferous only for a 
thickness of about 20 feet, and that this crust of reef coral rested upon 50 to 60 feet 
of fine-grained hard limestone, showing thin current beds dipping very steeply. 
At a yet lower level — about 20 feet above sea-level — was a trace of a third terrace 
with still more recent coral. At low water there, a reef flat about 100 yards wide is 
exposed at the base of the limestone cliff, and here living coral and Lithothamnioii 
are fairly abundant. Nine appeared to us a raised atoll which would richly repay 
further investigation. We were informed by Mr. Lawes that the sea cliffs of 
the island al30unded in large caverns, and these should afford good sections. 
A small collection obtained by us at Vailoa has already been handed over for 
description to Professor Judd. 

From Nine we were delayed by adverse winds to such an extent that we had to 
put in to Suva in Fiji on account of being short of coal, H.M.S. '* Royalist" arriving 
there on the same day. Unfortunately both the " Royalist " and the '' John Williams " 
just missed the s.s. *' Archer " at Suva, and so we were left in ignorance as to whether 
or not that steamer would be able to call at Funafuti on her return voyage, to convey 
Mr. Sweet and the drill party back to Sydney. This missing of the s.s. '' Archer" 
led later to considerable trouble and expense. After being hospitably entertained at 
Suva by Dr. and Mrs. Corney, we re-embarked in the '' John Williams," and later 
fell in with the tail of a cyclone which so seriously delayed us that we did not reach 
Sydney until October 14th. My first care was to send coal and provisions, and some 
sort of ship to bring home Mr. Sweet and his party. On inquiry of the owners of 
the " Archer," as to whether she would call at Funafuti on her return from the 
Gilbert and Marshall Islands and convey Mr. Sw^eet and his party back to Sydney, 
they assured me that the instructions given the supercargo precluded their doing 
so and they held that he would abide by his instructions. 

The New South Wales Government Steamer " Thetys," for which I next made 
application, proved to have too small a coal-carrying capacity. At the instance of 
the then Premier, the Hon. G. H. Reid, Viscount Hampden, the Governor of New 
South Wales, wrote to the Governor of Fiji, Sir George O'Brien, urging that the 
Fiji Government Steamer '* Clyde " might be sent to re-provision and re-coal the party 
at Funafuti. In the event of the ''Clyde" not being available, the Government of 
New South Wales generously undertook to pay for a small ship to go from Fiji to 
Funafuti and back. As it proved impossible to detail the ** Clyde " for the work, the 
Hon. Dr. B. G. Corney, after a good deal of difficulty in view of that time of the 
year being the hiuTicane season, succeeded in chartering the *' Eastward Ho," a 
schooner of 45 tons burden, to go to Funafuti. The Hon. A. Duncan, agent for the 
Union Steamship Company of New Zealand, kindly arranged at once to ship by her 
10 tons of coal for Mr. Sw^eet, and this together with provisions for the Funafiiti 
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party, a parcel of diamonds, and some small pieces of machinery for the diamond drill, 
were at once put on board, and the '* Eastward Ho," Captain Jones, sailed from Suva 
for Funafuti on November 21st. He encountered adverse winds most of his way 
down, in consequence of which he did not arrive at Funafuti until December 4th, just 
four days after Mr. Sweet and party had left.* 

As events turned out the despatch of the "Eastward Ho" proved to be needless. 
At the same time in view of the direct assurance of the owners of the *' Archer " that 
their steamer would not call for the expedition, of the probable shortage of coal 
and provisions at Funafuti, and the urgent need for Mr. Sweet to return to 
Melbourne before the end of the year, the despatch of the schooner was necessary. 
She might have l^een tlie means, had the ** Archer " not called, of relieving the 
expedition fiom great embarraasment, and the utmost credit is due to Dr. Cokney for his 
prompt and generous action in chartering and despatching the vessel, and particularly 
to the Government of New South Wales for the help they gave in this matter. 

After my departure from Funafuti, Mr. George Sweet acted as leader of the 
expedition. The coal supplied him by Captain Rasox enabled him to continue the 
boring until the arrival of the *' Archer " on Septeml^er 21st. Further supplies of 
provisions and coal were obtained, and the boring was continued to a depth of 
663^ feet. A crack then Formed in the lower tube of the large boiler which the 
foreman -in-charge considered dangerous. Mr. Sweet, however, induced the diamond- 
drill party to fit up the small new boiler, and by this means the boring was eventually 
carried to a depth of 698 feet. Great difficulty, however, was experienced in carrying 
the bore to this depth in the last 20 feet, as the small boiler did not aftbrd sufficient 
steam-power to keep the large pump working at the same time that it drove the drill; 
hence the rods became at last silted up in the bore and were withdrawn only with 
great difficulty by means of a powerful monkey. No further boring was attempted 
this year, and according to his directions, Mr. Sweet had the 4-inch lining pipes pulled 
up from the bore-hole. An attempt was made also to pull up the 5-inch linhig 
pipes, but they had l)ecome so firmly rusted into the bore-hole that when pressure 
was put on with the hydraulic jacks the top 10-foot length of pipe was torn away 
from the remainder, thus leaving the bore lined between the levels of 10 feet and 
115 feet with 5-inch pipe. This was a fortunate accident as it immensely facilitated 
the work of re-opening the bore on the following year. Mr. Sweet left a large 
portion of the drill plant at the atoll as well as 23 tons of coal, and having built a 
cairn over the site of the drill bore, he embarked with the diamond-drill party on the 
8.8. " Archer," and arrived in Sydney before the end of the year. 

Up to this point, therefore, the work accomplished by the expedition may be 
summarised as follows : — 

* It transpired afterwards that Mr. Sweet had succeeded in inducing the supercargo of the " Archer " 
to depart from his instructions so far as to call at Funafuti on his return, and take off the whole party, 
which was done on November 30th. 
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1st. The deptli for which Darwin had asked that a coral atoll should be bored 
with a view to testing his theory (500-600 feet) had been exceeded by reaching 
698 feet, and a core had been obtained as good as could be expected considering 
the friable and fragmental character of much of the rock. This was carefully 
labelled and forwarded early in 1698 to the Royal College of Science, London, 
for slicing and for chemical and microscopic examination. This core proved that the 
atoll was formed, from the surface to the l)ottom of the bore, of calcareous rock chiefly 
composed of foraminifera, Lithothamnion^ and Halimeda, as well as of reef-forming 
corals. The lower part of the core appeared particularly interesting and important. 
At first sight it seemed like a consolidated chalky ooze, and our fii-st impression was 
that it represented the })eginning of the original foundation of the coral atoll. loiter 
examination in the laboratories at the Hoyal College of Science, London (for the 
results of wliich see Sections Xll. and XIV.), and at Sydney University, showed 
that this rock was lar<j:elv coral-reef material converted into dolomite. It was 
evident then, that the l)ase of the coral-reef rock had not yet been attained. 

2Tid. Geological surveys had heen made of the various islets of the atoll, in 
sufficient detail to admit of maps being constructed from them, which it was hoped 
would be of use latr3r in the study of any changes which the islets might subsequently 
undergo, as well as in supplying information as to the latest geological history of the 
atoll. These maps are published with the present volume (Plates 1-1'9). 

3rd. A collection had been made of the various organisms living on the seaward 
slope of the atoll, from depths of between 20 fathoms and 200 fathoms. These, 
together with a few samples of the floor of the lagoon, secured by means of a sand- 
pump, had also Ix^en forwai^ded to the Royal College of Science, London. It was 
hoped that this collection might prove of use for comparison with the dead organisms 
in the cores from the diamond-drill Ijores. 

In view of the fact that much of the drill machinery had been left at the atoll 
as well as a supply of coal, and that it was expected that there would be no 
difficulty in washing out the silt from the old bore, it was considered very desirable 
that an attempt should be made to deepen the main bore, and accordingly the 
Government of New South Wales and the Royal Society of London were approached 
on this subject. They both generously responded, the former again placing a 
diamond drill at the disposal of the scientific party and agreeing to bear a portion 
of the cost of the boring, while the latter contributed handsomely in funds. 
Mr. A. E. FiNCKH volunteered to go as leader of this, the Third Expedition to 
Funaftiti, and the difficulty of transport to the atoll was again got over through the 
kindness of the London Missionary Society in undertaking to convey gratuitously the 
diamond-drill party and gear, as well as a further supply of coal, from Samoa to 
Funafuti. 

Meanwhile information was sent to Sydney by Captain Creak, R.N., F.R.S.,* that 

* See Section III, page 36. 
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the magnetic survey of the atoll made by Captain A. Mostyn Field, R.N., indicated 
the prol>able presence of magnetic rock at no great depth, in an area of the lagoon 
about 2 miles west of the obelisk in the main village. It was therefore decided to 
attempt to put a lx)re down near this spot in the bed of the lagoon. As far as we 
are aware no work of this kind has ever l>een attempted l^efore. Fortunately, how- 
ever, the Works Department of New South Wales had for some time previously been 
perfecting appliances for l>oring rapidly under a considerable depth of water by means 
of a water-jet forced through the boring pipes under considerable pressure. The 
Expedition was fortunate, through the kind consent of the Hon. J. H. Young, Minister 
for Works, and the Engineer-in-chief, Mr. Cecil Darley, in securing for this important 
work the services of Mr. G. H. Halligax, F.G.S., the Hydrographer to the New 
South Wales Goverimient, wIk^ for many years previously had superintended bores ^ut 
down by the above method in the harbours all along the coast of New South Wales. 

The Admiralty authorised Admiral Pearson to detail for the work one of the 
ships of the squadi'on under his command. H.M.S. " Porpoise,*' Captain F. C. D. 
Sturdee, was selected, and the boring gear was at once forwarded to Suva to be 
picked up there later by that vessel.* In the case of the diamond-drill expedition 
under Mr. A. E. Finckh, the drill was placed in charge of Foreman Symons, and 
during the later part of the boring was in charge of Foreman Burns ; 
the other two members being F. Dent and W. Dent. Mr. W. H. J. Slke, F.G.S., 
the Superintendent of Diamond Drills, on the occ^ision of this Expedition, as on that 
of the two others, worked with us throughout most actively and cordially, and 
profiting by the experience gained in the previous borings, was able to send a boring 
plant which in some respects was even more efficient than the one supplied for the 
exj^edition of the i)revious year. One notable improvement was in the construction 
of the under-reamers, which are now each j)rovided with four '' dogs" instead of two, 
thus securing for them a steadier rotary movement when luider-reaming. It is not 
too nuich to siiy that a large share of the success of this as of the preceding 
expedition was due to the personal pride which Mr. Slee took in introduchig any 
improvements into the boring machinery, so that the work done might be a credit to 
the Government, as indeed it proved to be. Much praise is also due to the officer in 
charge of the drill stores, Mr. J. S. Leigh, who spared no pains in the preparation of 
the drilling plant. 

The Expedition under Mr. Finckh left Sydney in the s.s. '' Ovalau '' on June 1st, 
1898, reaching Apia rid Suva before the middle of the month. H.B.M. Consul 
E. G. B. Maxe rendered it useful service in arranging for the transhipment of the 

* On the occcasion of this expedition a supply of coal amounting in all to over 30 tons was presented to 
U8 by the Newcastle Collieries Wallsend, Co-operative, Lambton and Burwood. Through Mr. A. Gee, 
manager of the Sydney Meat-Preserving Compiny, we received a present of four cases of tinned meats, 
and through Mr. U. M. Meiuvale, of (iinBS, Brkjht and Co., who in many other ways assisted our 
expedition, we were presented with four bags of sugar. 
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gear from the ** Ovalau " at Apia pending the arrival of the L.M.S. steam yacht 
*'John Williams." The ''John Williams," Captain E. C. Hore, left Apia on 
June IGth and arrived at Funafuti on June 20th. The no light task of landing 
25 tons of gear, chiefly machinery, and 40 tons of coal on the shore of the lagoon 
was successfully accomplished by Captain Hore, and preparations were at once made 
for erecting the drill and stowing the stores and coal, and there was little delay 
before the boring was commenced, though the natives were rather grasping and lazy. 

The old bore-hole was re-opened, and as was anticipated, little difficulty was 
experienced in washing away the silt to nearly the total depth formerly attained. 
But some trouble was experienced in the last 50 feet, and the bottom of the old 
bore was not reached till July 25th. During the first ten days the average rate 
of advance was slightly more than as many feet ; 803 feet being reached on 
August 4th. The 4-inch lining tul>es were carried to a total depth of 727 feet, afteir 
which the rock was sufficiently solid to make lining unnecessary. It was, however, so 
cavernous as to have a very destructive effi^ct on the diamonds (white Cape boarts), and 
that made progiess slow after a depth of 803 feet. Efforts were made to compensate 
for this by wc^-king (with two natives) two shifts at the drills. On September 7th, 
a depth of 973 feet had been reached, and the core was sent to Sydney by the 
" Porpoise " with Foreman Symoxs in charge, command at the drill l)eing taken by 
Foreman Burns. The supply of diamonds was now running very low and notwith- 
standing the greiitest care it was exhausted on October 11th, when a depth of 1114 
feet had been reached. Work then necessarily ceased and the forward lining tubes 
except the uppermost 111 feet 5 inches were hauled up, and a cairn built over the 
bore-hole. The time intervening between the conclusion of the bore and the date of 
departure of this Third Expedition from Funaftiti was occupied by Mr. Finckh chiefly 
in continuing his experiments on the rates of growth of various reef-forming 
orgjinisms, esi)ecially the corals, the Lithothamnion and the Halimeda. He also 
joined with Mr. Halligax in the work of obtaining samples of the submarine slope 
of the reef on the ocean side, by means of heavy steel chisels and hemp tangles, and 
in fixing permanent marks on the reef platform facing the ocean opposite the 
main diamond-drill camp. (See Plate 19.) This work and the results of the 
biological investigations of Mr. Finckh, are given in detail in Sections VI and VII. 
Mr. Ha LUG ax's boring of the bed of the Funafuti Lagoon, which proved so successful, 
is described in Section VIII. 

It should 1)e mentioned that the Hon. B. G. Corney once more befriended us 
during this expedition. He took charge of all Mr. Halligan*s boring appai'atus, 
arranged for its exemption from customs duties, and stored it at Suva, pending the 
arrival of H.M.S. '' Porpoise." While the success of the techniciil part of the boring 
was due to Mr. Halligax, the l)oring was only rendered possible by the skill with 
which Captain F. (\ D. SxrRDEE, R.N., moored his shij). This was done with six 
shackles on each Unver, and with the sheet anchor with a shackle and a 4-iuch wire 
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hawser laid about 90 yards astern. During the boring she did not surge more than 
about 1 foot/^ Mr. Halligan and party and the boring plant were conveyed in 
H.M.S. " Porpoise " from Funafuti to Apia, whence they returned in E.M.S. " Aorangi " 
to Sydney. 

The whole of the material obtained from Mr. Halligan's bores in the lagoon at 
Funafuti (which respectively reached a depth of 245 feet below sea-level and 144 feet 
below the floor of the lagoon, and 214 feet below sea-level and 113 feet below the 
floor of the lagoon) was forwarded to Professor Judd at the Royal College of 
Science, London, as was the remainder of the Funafuti core together with 
Mr. Finckh's zoological collections and the dredgings obtained by Mr. Halligan 
and himself from outside the Funafuti Atoll, t 

On his return journey to Sydney in the "John Williams," Mr. Finckh visited 
some of the Gilbert Islands and found them to be wholly composed, at the surface 
at all events, of Lithothamnion, He arrived in Sydney with the diamond-drill 
party on January 18th, 1899, bringing with him the portion of the core from 
987 feet to 1114 feet. During the time that Mr. Finckh had been in charge, 
the Expedition had carried the main diamond-drill bore from a depth of 
698 feet to the total depth attained (1114 feet). This included the work of 
cleaning out and re-lining the old l:)ore-hole. The performance, therefore, in view 
of the difficulty of boring the cavernous coral-rock, may be considered very creditable 
to the Diamond-drill Branch of the New South Wales Government Department of 
Mines. 

For the last 387 feet of the boring it was found that the rock forming the sides 
of the bore-hole was sufficiently strong and free from silt to render unnecessary the 
further lining of the bore with iron pipes. The 4-inch lining pipes were not carried 
below the level of 727 feet. This fact is very encouraging in relation to the possi- 
bility of deepening this bore at some future occasion. The whole of the 4- inch 
lining pipes were pulled up at the completion of the boring, but the 5-inch pipes 
still line the upper 118 feet of the- bore, commencing at about 10 feet below the 
surface. 

After the return of the last Funafuti Expeditions we proceeded with the prepara- 
tion of our geological maps and sections of the islets, while Mr. Finckh prepared his 
report on his biological observations, and Mr. Halligan his report on the lagoon 
borings and fixing of permanent marks on the reef platform. Messrs. Halligan 
and Finckh collaborated with me in preparing a report on the dredging. The chief 
part of the geological work done by us at the atoll was accomplished by my 
colleague, Mr. G. Sweet, to whom I gladly express my deep obligation 

* The success of this boring by mciins of the hydniulic drill suggests the possibility of boring by some 
similar method the bed of the ocean even at a considerable depth. Special mention should be made of the 
services rendered to Mr. Halligan by Mr. Albert E. Tomkins, Chief Engineer of H.M.S, *' Porpoise." 

t See for the results, Section VII. 

I 
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for the pains which he has taken to make the maps and sections* as accurate, 
geologically, as possible, and to the patience with which he has brought together 
and co-oitiinated the results of his numerous observations. We both desire to 
express our gi-atitude for the invaluable services in the preparation of these maps 
and sections rendered by our colleague, Mr. G. H. Halligan, as well as to 
Mrs. Halligan for the kind help she gave in the choice of colours for them. We 
are also much indebted to Mr. H. E. C. Robinsox, our diaftsman, whose scientific 
appreciation of the work and hearty sympathy with it made him at once an 
enthusiastic worker and useful critic. The unfortunate loss, through theft fi'om a 
railway caiTiage in France, of some of our geological maps and sections, might have 
proved serious had it not been for the fact that we had kept copies of them alL 
After the maps and sections were finished and on the eve of their transmission 
to England they narrowly escaped destruction, being about the only material 
saved fi-om the fire which consumed the premises of the Sydney Publishers, 
Messrs. McCarron and Stewart. It may be added that the Expedition made 
to Fiji in 1901 by Mr. W. G. Woolnough, B.Sc, F.G.S., which was undertaken 
chiefly at the suggestion of Professor Judd, was related to the Funaftiti 
Expedition. 

Before closing this narrative I wish to convey my sincere thanks to all my 
colleagues and friends here and in the old country for their constant help and 
sympathy, which has encouraged us to persevere when beset, as we sometimes were, 
with serious diflScidty. First of all, I thank my colleague, Professor Anderson 
Stuart, for the kind manner in which he has worked with me in organising the 
Expeditions of 1897 and 1898. Professor Sollas and Professor Judd inspired us 
with enthusiasm for the work, and the generous contributions of Miss Eadith 
Walker and the Hon. Ralph Abercromby, supplemented by funds of the Boyal 
Society, London, and above all the liberal help of the Grovemment of New South 
Wales in the loan of the diamond drill, made the expeditions possible. To those 
members of it already mentioned, together with the Hon. T. M. Slattery and 
J. L. Fegan, with Messrs. D. A. Mac a lister and H. Wood, to Sir W. Lyne and all 
other helpers named in these pages, we are deeply grateful. 

The handsome services rendered by the London Missionary Society in carrying our 
gear to and from Funafuti freight-free, and landing and shipping the gear at and 
from the shores of the lagoon, have already been acknowledged. Captain E. C. HoRE 
assisted us admirably in this work. Only those who have experienced it know the 
difficidty of landing or shipping heavy packages and machinery on a coral reef, where 
everything has to be taken in small boats over a shore line beset with coral heads. 
Mr. Thomas Pratt, the Sydney Secretary of the London Missionary Society, also 
rendered us much important help. 

The Admiralty made the boring of the Funafuti Lagoon by Mr. G. H. Halligan 

♦ Plates 1 to 19. 
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possible by detailing H.M.S. " Porpoise," Captain F. C. D. Sturdee, RN., for this 
work. To the Senate of the University of Sydney I owe the kind permission that 
was given me to go as leader of the 1897 Funafiiti Expedition, and to my old friend 
and colleague, Mr. E. F. Pittman, A.R.S.M., I am specially indebted for his kindness 
in delivering gratuitously my geological lectures in my absence. To the Council of 
the Royal Geographical Society of Australasia, Sydney, and to the President, the 
Hon. P. G. King, and the Hon. Treasurer, Mr. H. S. W. Crummer, I owe much for 
assistance during the beginning of the 1897 Expedition, and the latter has been 
throughout a most unselfish and devoted worker for us. 

To Mr. Thomas Whitelegge, of the Australian Museum, I am specially indebted 
for determining Mr. Finckh's Corals, and to Messrs. C. Hedley and R. Etheridge, 
Junr., for much advice and friendly criticism, and to Mr. W. S. Dun, Palaeontologist 
to the Geological Survey, for references to literature. Mr. J. H. Maiden, F.C.S., &c., 
Director of the Botanic Gardens, Sydney, has most kindly worked out the botanical 
collections from Funafuti. Our hearty thanks are due to the Hon. B. G. Corney, 
M.D., and to the Government of Fiji, for much kind assistance and many concessions. 

For the success of the Diamond Drill Boring of 1897 and 1898 I should like once 
more to state that we were indebted to the steady perseverance and forethought of 
the Government Superintendent of Diamond Drills, my friend Mr. W. H. J. Slee, 
F.G.S., who has worked throughout in the interests of the Expedition with hearty 
good will and unselfish loyalty. Of all the men who went with the drill party 
we imdoubtedly owe most to Foreman G. Burns, whose inflexible determination and 
resourceful energy probably saved the 1897 Expedition from failure at a critical 
jimcture. The excellent services rendered by Mr. Halligan and Mr. Finckh speak 
for themselves, it would be hard indeed to over-estimate their value. The unstinted 
work, too, of my old students, Mr. W. G. Woolnough and Mr. William Poole, 
was such as will not readily be fprgotten. The Deputy Commissioner for the 
Western Pacific, Mr. R. Telfer Campbell, rendered us good service in seeing to 
the safe storage at Funafuti of our gear and coal. The services rendered us by 
Captain E. G. Rason, R.N., now Commissioner for the New Hebrides, when in 
command of H.M.S. *' Royalist," in supplying us in the hour of need with coal, food, 
and money are deserving of grateful recognition. I am grateful also to Professor 
Bonney and Dr. G. J. Hinde for much kind help, as well as to Mr. F. Chapman 
and Miss Ethel Barton (Mrs. Gepp). I should like also to say how much the 1897 
Expedition owed to my wife's presence.'* 

The work of boring the Funafuti Atoll has proved more difficult, tedious and costly 
than was at first anticipated. It may appear to some that the results attained are not 
commensurate with the sacrifices made, and such a view seems not unreasonable at 
fii'st sight, but it must be remembered that in this, as in many other pieces of 

* Mrs. DAvm has written an interesting account of their life on the island, its scenery and the 
inhabitants — 'Funafuti, or Three Months on a Coral Island' (J. Murray, 1899). — T. G. B. 
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scientific work, the bread that is cast upon the waters may be found only after many 
days. We have at all events succeeded in carrying out the wish of Darwin for a 
core from a depth of 500 to 600 feet in a coral atoll in the Pacific Ocean. We trust 
that the results of the study of the ample material from our 1114 feet bore, which is 
now completed by our co-workers in the Northern Hemisphere, and appears in the 
later part of the present volume, may enable zoologists and geologists to lay more 
surely the foundations of oiu' knowledge of the origin and growth of coral atolls, and 
so make our work of some use to science. 



[ Gl ] 



SECTION V. 

THE GEOLOGY OF FUNAFUTI. 

By Professor T. W. Edoeworth David, B.A., F.R.S., and G. Sweet, F.G.S. 

[See Plates 1-19.] 

As regards scale, the maps have Ijeen reduced to, as nearly as possible, 400 feet 
(121 '95 metres) to the inch. An actual scale in feet and metres is reproduced on 
each map, so that if any slight error exists in the reduction of them by photo- 
lithography or through subsequent shrinkage, such error corrects itself through the 
scale having participated in the deviation of the map from the uniform standard. 

As regards the scope of the work, the geological boundaries have been drawn only 
down to the level of low-water spring tides ; no attempt, for example, has been made 
to show the boundaries of the great submarine sheet of Halimeda sand which forms 
the floor of all the deeper portions of the lagoon. 

Reference to the index- sheet Plate 1 will show that we have omitted from the 
map some portions of the atoll rim which are distant from any islets, as, for example, 
the portion north of the islet of Fuagea and intervening between it and Fuafatu, and 
the long stretch of reef between Pava and Mulitefala. The total proportion of the 
atoll rim thus omitted from the geological maps is about one-fifth of the whole 
circumference. 

As regards the method of mapping, we took as our basis for the general outline 
and orientation of the islets the British Admiralty Chart, No. iJ983, compiled from 
surveys by Captain A. Mcstyn Field, II. N. The details shown on the geological 
maps were filled in from our own traverses, made chiefly by pacing (in some cases by 
chaining) and measuring angles with a prismatic compass, the traverses in most cases 
being checked at least once. The portion of the reef shown on Plate 17 was, 
however, measured with a tape l)y Mr. A. E. Finckh, while the positions of the 
permanent marks opposite the main diamond-drill bore, on the main island, both on 
the ocean and lagoon sides (see Plate 19), were chained by Mr. G. H. Halligan, 
as also were the distances between Professor Sollas's Nos. 1 and 2 diamond-drill 
bores and the main diamond-drill bore. In the case of the section shown on Plate 17 
the levels were taken by Mr. G. H. Halligan, with a 12-inch dumpy-level. In 
other cases, however, the levels upon which the numerous geological sections are based 
were made by sighting from the object whose level was to be determined to the 
horizon line of the ocean, noting where this line intersected the levelling staff held at 
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the position of high water. The height of this point of intersection above the zero of 
the level was taken as the height of the object above high water, and as the eye 
of the observer was seldom more than a few yards distant from the levelling staff, 
the results were approximately accurate, and the method was certainly expeditious. 
In some cases the levels were taken by means of the spirit levels of our clinometers. 
Where special importance attached to the levels, as in the case of the raised 
Uehopora cceridea reefs in the mangrove swamps of the main island (see Section 9 
of Plate 9) the levels were checked several times and may be considered to be fairly 
correct. As the details of the geological survey were filled in mostly by pacing, 
errors of several yards no doubt occur in places. The general shape of the islands, 
however, is fairly accurate as shown, or at all events sufficiently so to form a record 
for future reference. 

As regards the method of showing the outer boundary line of the rock marked 
O.L.IO, on Plate 17, the living Litliothamnion zone, the following plan was adopted. 
Mr. A. E. FiNCKH having accurately measured, with a tape, the details of the reef 
platform down to low-water springs, opposite the main diamond-drill camp, this 
plate was drawn from his traverses, and the outline shown on it was then repeated 
over and over again to represent the characteristic outline of the outer shore of the reef 
at low tide, but conspicuous indents in the shore line are shown in their true position 
by indentations of the boundary line between O.L.IO and 0.3 as, for example, near 
S^ to the right of section-line 9 on Plate 9. In the same way the pattern for 
the boundary of the reef lagoon- wards at low tide has been taken from Mr. Finckh's 
traverse of the lagoon platform of the reef to the north of the Mission Church (see 
Plate 17). 

The general shape and submarine contour of the atoll may be seen from the two 
figures on Plate B. These have been made from a plaster model in the Australian,, 
Museum, reproduced from a wooden model carved by Captain E. C. Hobs, of the 
London Missionary Society's steam yacht " John Williams." Captain Hobe paryed. 
his wooden model to true scale, taking as his basis the British Admiralty Chait,^ 
No. 2983. In general outline the atoll resembles a caricature of a hxmian head,- 
facing the west, the positions of the mouth and eyebrow being indicated by two d)arl% 
streaks marking deep passages into the lagoon from the ocean. The greatesfr 
diameter of the atoll lies in a direction N. 20° E. (true). Kramer* has argued that 
this elongation of the islands of the EUice group, in common with that of numerous 
other coral islands of the Pacific, is due to the direction taken by the prevalent ooeaa* 
currents and winds. In the case of Funafuti, however, the prevalent winds frcHn 
about March to November are the S.E. or E.S.E. trade winds, whereas from December 
to February north-westerly monsoonal winds prevail. Thus the long axis of Fimafiiti 
is almost at right angles to the prevalent winds. As regards its shape in relation to 

* "Ueber den Ban der Korallenriife und die Planktonvertheilung an den Samoanischen Kiisten," 
pp. 88-90. 



Coral lieef Be}>ort. 



Plate B {see p. 62). 




(1) MtHicI (.f Atoll, viewed from Above. 




(J) Moclul.if At-.U, viewed from Side. 



THE GEOLOGY OF FUNAFUTI. 63 

the prevaleut ocean currents, it is somewhat doubtful what their direction really is. 
According to the British Admiralty Chart of Funafuti Atoll, the current during July 
flows from about E.S.E. to W.N.W., except where it is locally deflected by the atoll. 
Mr. G. H. Halligan has drawn our attention to the fact that on the " Quarterly 
Current Charts — Pacific Ocean," published by the Admiralty, October 23th, 1897, 
there is the following note : ** Note A. — The cmrents among the Ellice, Gilbert, and 
Marshall groups are very irregular and uncertain, both in strength and direction, 
more particularly from November to M^rch." 

From Berghaus's " Physikalischer Atlas " (II Abt., Hydrographie, Taf. VI) Funafuti 
appears situated just on the inside of a circular current which sweeps in a north- 
westerly direction, skirting the N.E. side of the Ellice group, thence trending westerly 
between the Ellice and Marshall Islands, thence in part turning south towards the 
Santa Cruz Islands, and finally recurving towards the southern end of the Ellice 
group. The direction in which pumice has been found to drift across the Pacific to 
the Ellice group is also in favour of an easterly current, for, as stated elsewhere in 
this report, pumice, erupted in May, 1878, at Blanche Bay, New Britain, nearly 1500 
geographical miles west of Funafuti, literally covered the shores of the Solomon 
Islands, and thence vast quantities of this material were carried further eastwards to 
the Ellice group, and we learn that hundreds of tons were thrown up there on every 

island* 

The trader, Mr. O'Brien, at Funafuti informed us that the drift pumice at Funafuti 
arrived from the west, and this statement is borne out by the fact that at Funafuti 
Atoll the pumice is more abundant and occurs in larger pebbles on the west side of 
the atoll than on the east side. Possibly the (so-called) Carolinian Monsoon current 
may extend further east than is usually supposed, and this might account for the 
easterly drift of pumice from New Britain to Funafuti.t On the whole, therefore, 
it appears that whereas a W.N.W. current usually prevails at Funaftiti during 
the trade-wind season, an easterly current may prevail at other seasons of the 

year. 

The elongation of Funafuti in a nearly meridional direction is therefore more likely 
due to its being situated on a volcanic zone, or fold ridge than to any influence of 
prevalent winds and ocean currents. This would account for the remarkable 
elongation of Funafuti towards its southern end, the neck of the head. The 
submarine relief of the atoll at this point is very suggestive of some rock other than 
coral forming the nucleus of the foundation. It will be observed that the atoll has a 
second axis of elongation in an east and west direction, nearly normal to the 

* * Nature,' vol. 19, 1878-9, p. 108. 

t Fragments of our raft, which was wrecked on August 6th, 1897, about 4 miles west of the Mission 
Church, were picked up by us about a week later at Tengako and Funafara, respectively at the N.E. and 
S.E. extremities of Funafuti Atoll. In view of the fact that no winds other than the S.E. trades had been 
blowing during the interval, this direction of drift from west to east seems remarkable. 



64 PROFESSOR T. W. EDGEWORTH DAVID AND MR. G. SWEET. 

principal axis. A possible explanation of this elongation in an east and west 
direction is suggested by the results of the Admiralty magnetic survey. 

Captain W. E. Creak's reductions of the magnetic observations by Captain Field 
and the officers of H.M.S. "Penguin" locate an area of great disturbance of the 
vertical magnetic force at a point bearing from the Mission Church on Funafuti main 
island S. 87^ W., 5004 yards distant, and distant about 1311 yards from the east 
extremity of Te Akau Fasua. The long axis of this area runs east and west, and at 
about 5^ miles further west is a second area of magnetic disturbance, of which the 
long axis trends about N.N.E. and S.S.W! A prolongation westwards of the long 
axis of the first disturbance area intersects this second disturbance area about 
midway between its two foci. A mass of magnetic, and probably therefore volcanic 
rock, may underlie this spot. If so, the following may be a possible explanation of 
the existence of tliis submarine promontory. 

It may be of volcanic origin. In support of this view we may observe that the atoll 
is widest at this spot and has a corresponding promontory and shoal at its western- 
most point (Fuafatu) which lies due west of the eastern promontory. This suggests 
a possible cross line of volcanic fissure trending east and west, parallel to the trend 
of those upon which the numerous small basaltic craters of Rotuma (the nearest 
volcanic island to Funafuti) have been built up. 

With reference to the general configuration of the floor of the lagoon, it will be 
noticed, on glancing at the Admiralty chart, that the lagoon is most shallow in the most 
sheltered areas. This is owing to the chief deposition of sediment taking place to 
leeward of the chief land areas, and at the inner angles of the reef, as, for example, 
is the case just west of Fongafale on the inner bend of the main island and along the 
lagoon side of the western rim of the atoll from Fuagea to the *' pocket " inclusive. 
The effect of shelter in favouring sedimentation is well shown by the incurving of the 
20-fathom contour line to the west of the islets of Funangonga and Funamanu. In 
those parts of the lagoon where recent sedimentation has not been heavy enough to 
efface this feature a well-marked low submarine cliff may be noticed, bounding the 
reef platform lagoon wards,* and from 1 fathom to about 4 fathoms deep. One would 
expect to find it the exception rather than the rule that a submarine cliff such as 
this should be preserved at all under conditions of strong variable currents and heavy 
silting such as obtain in the Funafuti Lagoon. 

As regards the contour of the island in cross-section, the general shape is shown in 
the lower figure (2) on Plate B, also a photograph of Captain E. C. Hore's model. 
The highest point of the atoll, situated near the extreme S.W. end of the islet of 
Telele, is 1 6 feet above high water, as determined by one of us (Mr. Sweet). 
The general depth of the lagoon is about 20 fathoms, the two deepest spots 
measured being 30 fathoms. As mentioned in Section IV this lagoon floor is formed 

* Reference to this has already been made by Mr. Stanley Gardiner. * Proc. Camb. Phil. Soc.,' 
vol y, p. 425. 
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and the 3000-fathom line at rather more than double that distance. The soundings 
taken during the survey by H.M.S. " Penguin" show that there is an absence of any 
connecting ridge between Funafuti and its nearest neighbours in the Ellice Group, 
Nukufetau and Nukulailai. Funafuti is thus an isolated conical mountain rising 
16,000 to 18,000 feet above the general level of the surrounding ocean floor, and 
crowned with sand and reef. 

The two deepest channels into the lagoon respectively, compared to the mouth 
and eyebrow of the head, are, we think, of considerable geological antiquity. It may 
be something more than a coincidence that they converge lagoonwards on the spot 
where Captain Creak has located the chief focus of magnetic disturbance. Possibly 
they may indicate the site of submerged valleys or silted up inlets. 

Symbols used on Maps and Sections. 

As regards the meaning of the symbols and of the numbers employed an index 
is given on Plate 2, but it will be as well to add some further explanation of them here. 
The symbol O. means that the rock so denoted was formed chiefly on the ocean 
side of the reef, the symbol L. that it was formed chiefly on the lagoon side, and the 
symbol O.L. that it was formed on both the ocean and lagoon sides of the reef. The 
higher numbers denote the newer rocks, the lower numbers the older. The rock 
marked O.L.L and denoted by the blue colour on the geological maps, is the oldest 
and by far the most important of those forming the hard rock of the atoll ring. It 
is the substratum of the principal islets, probably of all the islets, at all events of 
those on the north, east and south sides of the atoll. It is composed chiefly of 
Hdiopora ccBrulea, with occasional clusters of Poi'ites, which usually accompanies 
it among the reefs of the eastern side. On the western side of the atoll, however, 
though PoHtes was present, and in the south-western part was much more abundant 
than on the eastern rim, very little Heliopora ccerulea was observed, and even that 
was not in situ, but present as fragments in the reef-breccia sheet. On the western 
side of the atoll, however. Pontes greatly predominates, no old reef-rock formed of 
Heliopora ccerulea being there visible, in spite of the fact that there is an abundance 
of Heliopora ccerulea living inside the lagoon on its western side, but it must be 
noted that no excavations were made deep enough on this rim to reach the general 
horizon of the Heliopora. 

The Heliopora ccerulea occurs in stocks from a few feet up to 24 feet in diameter. 
These are best seen at the Mangrove Swamp. (See Plate 18.) 

As stated on the plate, the shape and size of the coral heads figured are drawn 
to actual scale from measurement, whereas the branching is merely sketched with 
only approximate accuracy. An interesting feature in connection with this 
development of Heliopora aerulea is the fact that at the centre of nearly every one 
of the larger heads a cushion-like mass of Pontes is found in situ, in each of which 
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concentric and radiating cracks, nearly vertical, were plainly visible. As shown on 
Section 9 of Plate 9, a raised reef of Heliopora cmmlea attains in the Mangrove 
Swamp a level of about 4^ feet above low water, and rises a little above the level 
of high water in the plantation to the west. The occurrence of this raised reef has 
abeady been noticed and described by Professor Sollas.* This occurrence indicates 
a downward movement (see note at end of this section) of the shore line (possibly due 
to an actual elevation of the land) of from 4^ to over 6^ feet. It has, however, been 
suggested that the occurrence in situ of coral heads of Heliopora cmrulea up to the 
level of high water at Funafuti can be explained otherwise than by such a movement. 
Messrs. Halltgan and Finckh have pointed out that on the north side of the islet of 
Amatuku (see Plate 12 for plan and also Section 4 of same Plate), in this atoll, small 
heads of Heliojyora cctrulea are found living in a tidal pool on the reef platform at a 
level- of between 1 and 2 feet above low water. 

At Fimamanu Islet also we observed one or two small stocks of Heliopora ccBrulea 
living a few inches above the level of low water. We also noted the fact that at 
the atoll of Nukulailai, 52 nautical miles S.E. from Funafuti, the level of the lagoon, 
even when the tide had fallen, remained several feet above the level of low water. 
This was due to the channels and tunnels in the reef rim at that atoll being 
insufficient to lower the level of the lagoon at a rate rapid enough to keep pace with 
the fall of the tide outside the reef. It has been suggested that formerly similar 
conditions may have obtained at the Mangrove Swamp at Funafuti, and that the 
raised Heliopora ccerulea reef there developed may have grown in a part of the 
lagoon, the level of which was permanently that of high water, through being 
completely land-locked. This view, however, does not explain the fact that at its 
highest point, as at the plantation south of Fongafale, the dead Heliopora ccBrulea 
appears to extend above the level of high water, while the dead LithothamnioUy 
of the encrusting type, which so largely forms the cementing material of the breccia 
sheet, certainly extends in numerous places up to quite 2 feet above high water. 

It may also be mentioned that numerous Porites heads in situ, like those at 
Tutanga, Te Falaoingo and Tefala, and those at Pava in the Funafuti Atoll are in 
many cases over a foot, some at Te Falaoingo 4 feet above high water. These 
immense heads could not have grown in land-locked reef pools, but must have 
flourished under the most favourable conditions, such as free access to food-bringing 
currents, &c., would provide. Outliers too of the reef breccia, to be described 
presently, show that coral and Lithothamnion occur in situ upon them up to levels 
of over 5 feet, in one case 10 feet above high water. At the islet of Motusanapa 
one of us (Mr. Sweet) has observed the largest and highest breccia outlier as yet 
noticed at this atoll. Its summit is 1 feet above the level of high water, and as he 
considers from its surroundings that it was all originally cemented and consolidated 
at a level not exceeding that of low tide, this occurrence would indicate a downward 

♦ 'Nature,' vol. 65, 1897, p. 376. See also supra p. 20. 
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movement of the sliore line in this part of tlie atoll to the extent of at least 16 feet. 
The conclusion, therefore, seems to follow that at Funafuti there has been such a 
movement of the shore line to the extent of at least 6 feet and almost certainly 
10 feet. 

The interspaces between the large radiating branches of Heliopora cmrulea, at 
the Mangrove Swamp, are filled with " sand " composed of foraminifera and broken 
fragments of Lithothamnion and of moUuscan shells. The tidal water finds an easy 
passage through the sand between these branches, from the ocean side of the reef to 
the lagoon platform. As the tide outside the atoll rises, the water wells up firom 
a great number of holes in the lagoon platform. These are from a small fraction of 
an inch up to about 6 inches in diameter. In fact, the rock of the atoll rim, in its 
upper portion at all events, seemed as porous as a huge sponge, being honeycombed 
in all directions with tortuous irregular hollows, generally filled with foraminiferal 
sand. It was these countless hollows in the reef rock, filled with running sand, which 
rendered the task of boring the rock so difficult, as the sand was continually being 
washed in from them so as to choke our bore-hole, wherever its sides were not lined 
with the steel pipes. One of the largest of these openings is that known as " the 
blow-hole," near the north extremity of the Mangrove Swamp. (See Plate 9.) This 
might be more correctly described as a swallow-hole. It is about 4 feet in diameter, 
and is distant 130 yards from the inner edge of the reef platform at low tide. 
Nevertheless, the surface of the water in it pulsates in unison with the movements of 
the waves outside the reef Plate C, fig. (1) shows the general appearance of this 
swallow-hole. 

As regards colour the Heliopora caridea of the rock type O.Ll retains its original 
indigo-blue colour only in cases where it has been protected, as on the reef platform, 
by some such covering as that afforded by Lithothamnion or Garpenteria. In long 
exposed positions it is mostly bleached superficially to a pale grey, passing inwards 
into a greenish tint.* 

On the lagoon platform the dead Heliopora ccerulea reef terminates lagoonwards 
in a low cliff*, veneered with Lithothamnion as described in Section VI. 

At the Taro Plantation, west of the Mangrove Swamp, where the old Heltopoi'U 
ccerulea reef attains its highest level, the presence of 6 per cent, of phosphoric acid 
in the soil shows that this part of the atoll has perhaps a certain amount of guano 
deposited upon it.t The fact, however, should be mentioned that the soil there has 
been enriched in places by material carried there by the natives from other islets in 
this atoll, and we were informed that a little of the soil had been brought over as ballast 
from Samoa. 

* For the chemical compoiidon of this colouring matter, see MOSELEY, • Report, Challenger,' vol. 2, 
pp. 109-110; and Liversidgk, * Roy. Soc. Proc, N. S. Wales,' vol. 32, 1898, p. 256. 

t The following analysis is quoted from ' Memoir III./ Part I., of the Australian Museum, Sydney, 
" The Atoll of Funafuti," p. 76 :— 
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It will be noticed that in the sections of the north, east, and south portions of 
the atoll the Ileliopora cainilea reef is shown in all cases to be the foundation rock. 
As regards its boundary lagoonwards it does not in all cases terminate at the low 
cliff at the edge of the lagoon platform, but can be traced for some little depth 
on the bottom of the lagoon l^elow low tide. In the northern portions of the lagoon 
the dead Heltopora ccerulea merges in places into the living Ileliopora ca^ruleay wliich 
in that part of the atoll covers large areas of the floor of the lagoon. As regards 
the development of the old Ileliopora ccerulea reef on the ocean side, one of us 
(Mr. G. Sweet) discovered that it extended under the Hurricane Bank in several 
places below a thin crust of dead Lithothamnion, while its extension to considerably 
beyond the outer edge of the Hurricane Bank was ascertained by blasting the intensely 
hard surface of the ocean platform witli gun-cotton.* It was also found in situ in the 
corrosion zone of the reef platform (O.2.B.), as well as up to the edge of O.L.IO 
between the channels, as was seen a little to the north of easternmost point of the 
main island. 

The positions of these blasts are shown on Plate 9. In view of the fact that 
scarcely any trace was found by us of living Ileliopora canilea on the ocean side of 
the reef, it is strange that there should be on this side such an immense development 
of dead Heliopora ccerulea reef i/i situ on the ocean side of the reef. A great extent 
of the same dead reef can also be seen a few fathoms below low water west of the 
main island. The evidence supplied by Professor Sollas's Nos. 1 and 2 diamond- 
drill bores and our main bore with the small bore to the w^est of it, shows 
that the Heliopora cce^rulea reef extends to a depth of at least 40 feet below high 
water, Ileliopora ccerulea still retaining traces of its blue colour was also found in 
the core from the main bore down to depths of at least 100 feet. As regards its 
horizontal distribution the table of areas of the rock types represented at Funafut 

Analysis of air-dried sample of soil from the Taro Plantation. This consists of decomposed Ileliopora 
caiiilea, with an admixture of foraminiferal shells, chiefly Tinoporus and OihitoUics, 

Hygroscopic moistiiic 1*81 

CaO 47-23 

MgO 107 

K2O -05 

Na^O 44 

Fe^Oa -28 

PA 600 

SO3 -44 

CI -02 

CO2 33-65 

Organic matter 8-97 

Residue (insol. in HCl) -04 

100-00 

♦ This was kindly supplied by Captain E Easox, E.N., of H.M.S. "Royalist. 



70 PROFESSOR T. AV. EDGEWORTH DAVID AND MR G. SWEET. 

Atoll shows that the Ilelinjwra ccBrulea reef is very extensively developed, and in 
view of the fact that a large portion of what is shown on the maps as the dead 
Lithothamnion (0.3) is merely a thin crust overlying the Heliopora ccerulea, the latter 
must constitute more than one half of the whole area of the portion of the atoll, 
shown on the geological maps, and perhaps underlies the whole of it. That Heliopora 
ccBrulca may underlie that portion of the reef platform seems likely from the fact that 
there are large areas of it living and extending from Fuafatu northwards to Pava on 
the lagoon side of the atoll rim, and this view is supported by the discovery of 
fragments of that coral in the breccia of the western rim, as already stated. The 
most conspicuous feature about the reef platform on the western rim of the atoll 
is the immense development in situ of dead PoHtes. The bosses of this coral, as 
described by one of us (Mr. G. Sweet), are from 5 to 8 feet in diameter, and 
5 to 6 feet high. They are mostly traversed by radial and concentric cracks. 

Although Porites is one of the hardiest types of coral at Funafuti, and some species 
live in pools on the reef platform at a height of over 2 feet above low water, still * 
these are exclusively thin flattened forms, the shape of which has adapted itself 
to that of the shallow pools, and they are by no means comparable to the immense 
heads of this coral in situ on the reef platform, so strikingly numerous between Fuagea 
and Avalau. Their occurrence at levels up to 4 feet above high water confirms the 
view already inferred from other evidences that there has been a recent downward 
movement of the shore line to an extent of certainly over 6 feet, and almost certainly 
to 10 feet. This 10 feet is calculated by adding 4 feet (the extreme height of the 
Porites above high water) to 6^ feet (the range of the tide). 

The Breccia. — Next in age, and newer than the Heliopora ccerulea and Porites reefe, 
is the well-defined breccia horizon denoted O.2.A., O.2.B., O.2.C., O.2.D., and O.2.E., 
including ailso patches of very dense sandstone occasionally met with in the breccia. 
It is formed largely in its lower portions of fragments of the older Heliopora and 
Po7ntes reefs cemented partly by Lithothamnion and partly by Polytrema planum. 
The former of these two cementing agents has rendered the upper portion of the 
breccia particularly dense. 

The breccia is extremely hard, so that it is a diflScult matter, where it is exposed 
in the smooth surface of the reef platform, to detach chips of it even with 
a hammer and chisel. It generally extends from about 3 feet below high water 
up to from 1 to 2 feet above high water. If, however, the outliers observed 
along many parts of the ocean beach, and especially at Motusanapa, be included 
as portion of the breccia, then it must be conceded that in places it reaches a height 
of about 10 feet above high- water level The thickness thus varies from 4 feet up to 
about 1 3 feet. Our general conclusion then is that this breccia has been formed 
below water, mostly at or below the level of low tide, probably the latter. It is 
clear that in many of the cases where the breccia surface is from 1 to 2 feet above 
high water a downward movement of the shore line of 7 to 8 feet is implied. 



THE GEOLOGY OF FUNAFUTI. 71 

Unfortunately we did not obtain specimens of the highest points of the breccia at 
Motusanapa, but we have no reason to suspect that it is in any way different from 
the breccia which we have examined in thin sections under the microscope from other 
localities in the atoll. 

The breccia sheet has apparently at one time covered the reef proper around 
perhaps the whole of the rim of the reef platform, though now there are wide 
stretches of this from which it has been almost completely denuded. Nearly 
all the islets of the atoll have a foundation of this material, or at least a 
rampart of it, along their shore line facing the ocean. In some cases there is 
an outer line of extremely dense breccia marking the most advanced position ocean- 
wards occupied by that material at a time when it formed the foundation for 
islets which have since been driven inwards over the reef platform towards the shore 
of the lagoon. Such an outer line is well seen between the islets of Pava and 
Mulitefala at the north end of the atoll (see Plates 12 and 13, and see Section 1 
of Plate 13, which shows how the ancient islet of Fualifeke has been driven lagoon- 
wards from its former position), and also in the south-western and southern part of 
the atoll from Fuagea past Tutanga and Avalau to Nukusavalivali. (See Plates 3, 4, 
and 5.) It is to be noted that all the high breccia outliers, or breccia negro-heads, are 
situated between this line and the present breccia rampart. As regards the 
subdivisions of the breccia sheet, 0.2. A. represents the portions of it exposed in the 
central parts of the islands, where at low tide it is subjected during the heavy inter- 
mittent tropical rains to thecorrosive action of humous acid. The surface is very uneven, 
bristling with sharp points. It is typically developed at the main island and Tutanga. 

O.2.B. represents a portion of this breccia sheet forming the third zone inwards 
from the edge of the reef platform at low tide (see Plate 17 and Section by 
Mr. G. H. Hallioan on line C-D). Most of the space between the outer line 
above referred to and the breccia rampart belongs to this zone. It is even more 
jagged and more bristling with sharp points than 0.2. A. A zone of this rock is in 
some cases found on the lagoon platform as well as on the ocean platform. The 
corrosion is apparently due partly to rain-water, partly to sea-water. 

The reason why the jagged points are not broken off by the force of the waves is 

that this zone is at present out of range of the loose shingle at the base of the 

Hurricane Bank. In addition to the high outliers already referred to, there are 

in places within the zone small outliers and " negro-heads,'' mostly just covered at 

high tide. The lower figure on Plate C shows some of these "negro-heads" at 

Fatato Islet, on the lagoon platform of the reef. We agree with Professor Agassiz's 

general opinion that such "negro-heads" are of the nature of 'outliers, and do not 

represent once loose blocks of reef limestone cast up upon the reef platform by storms 

and subsequently cemented down. Our observation at Funafuti led us to the 

conclusion that these "negro-heads" indicate downward movement of the shore line.* 

* It should be stated, hovireyer, that Messrs. Halligan and Finckh consider that these blocks are not 
in situ, and they do not therefore look upon them as evidence of such a movement of the shore line. 
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Inside the jagged corrosion zone O.2.B. is an intermittent smooth white zone of 
erosion where the surface of the breccia is being continually pounded and rubbed 
by shingle rolled over it at high tide by waves breaking against the Hurricane Bank« 
(See Plate 17.) Next comes the zone O.2.D. (See Plate 17 and Section C-D.) 
This, as stated on the index, forms a low wall or steep slope extending from 2 or 3 
feet below high water up to 2 or 3 feet above. The case at the S.W. end of Telele, 
where an outlier of tliis breccia attains a height of over 9 feet above high water, 
has already l3een mentioned. This zone forms in place low ramparts with 
re-entering angles and outlying rugged pinnacles. The general aspect of this part 
of the breccia is shown in the upper figure of Plate D. 

The manner in which delicate laminae of Lithothamnion occur as cementing material 
in this breccia, up to heights of from 1 to 2 feet above high water, is proof that 
even this upper part of the breccia was formed originally under water, and the 
presence in situ of the Lithothamnion shows that it was formed not much above the 
level of low tide. The reef breccia marked O.2.E. is other than and in some 
cases newer than 0.2. A., O.2.B., O.2.C. or O.2.D. It is typically developed on the 
main island just Ijeyond the stretch of sand on the lagoon beach north of the 
village of Fongafale. It is also developed in places to the south of Fongafale, as near 
Luamanife and to the south of Fuagea, &c. 

We may now paas on to consider the strata mostly, if not wholly, newer than the 
breccia sheet. L.2.A. is an old conglomerate formed on a former shore of the lagoon, 
and composed of well-rolled pebbles of coral more or less cemented together. This 
rock becomes almost a sandstone in places. It is typically developed at the main 
island about 230 yards easterly from the Mission Church. Thence it trends in a 
northerly direction close to the path on the line of Section 10 A-B of Plate 9. 
We think that on the main island it marks an old shore line of the lagoon or possibly 
a channel in the old Heliopora cceindea reef, probably the former. It is about 4 feet 
in thickness. It is also typically developed at the N.W. end of Amatuku. (See 
Plate 12, Sections 1 and 4, Amatuku.) The conglomerate is bedded, the strata 
dipping W. 30^ S. at 1 in 15. At its l>ase the conglomerate rests upon a hard 
foraminiferal Lithothamnion sandstone. The lower figure on Plate D shows the general 
aspect of this old lagoon conglomerate at Amatuku. (The large trees are Fetau trees.) 

The top of this conglomerate at Amatuku is fully 6 feet above high water, as 
shown on the Section. As the conglomerate is fiiirly firmly cemented, and as no 
such cementing can now be seen in progress in the atoll above high water, and, 
indeed, very little above low water, we are of opinion that this evidence, like that 
afforded by the raised Ileliojyora ccertdea reef and the outliers of reef-breccia, implies 
a downward movement of the shore line of not less than G feet in this case, and as 
there are water- worn pebbles of breccia in the conglomerate, this elevation must have 
been subsequent to the consolidation of the breccia sheet. 

Another interest which attaches to this old lagoon conglomerate is that it forms 
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ou the main island a pr()ba})le index of the amount of material added to the latter 
by silting since the deposition of the conglomerate, the latter being perhaps nearly 
contemporaneous with, though a Httle newer than, the old breccia sheet. As will be 
seen by referring to Plate 9, the island has been extended westwards for a distance 
of al)out 270 yards since the time this conglomerate was formed. The rock of type 
L.2.A. passes insensibly into L.3. L.3 is defined on the index as hard foraminiferal 
Lithothamnion sandstone, ])assing in places into fine conglomerate. Tt is of various 
ages and has been formed chiefly on the lagoon side of the reef, but exception- 
ally it occurs on the ocean side of the reef, as shown on Plate 10, where Section 
line 3 crosses the island. It is usually bedded, having a thickness of from 3 to 
5 feet. It is found now chiefly Ijetween the levels of high and low tide. In places, 
as at the islet of Mulitefala, it extends up to fully the level of high tide. Its 
general appearance is seen on Plate E (upper figure), the photograph being taken near 
the N.W. end of the islet of Amatuku. It is formed of more or less water-worn 
fragments of Lithothamiiimi, Ilalimeda and coral, together with numerous fora- 
miniferal tests, especially those of Orbitolites and I'inoporvs, and fragments of 
moUuscan shells, the whole being bound together by a clear calcareous cement. 

It appeared to us tliat the most important questions about tliis sandstone are 
(1) as to its mode of origin, with special reference to the nature of the cement, 
and (2) as to its age. With regard to the second (juestion it is clear that its age 
is variable.. In certain areas it is indubitably of some antiquity, as, for example, at 
Mulitefala,* where it is evident, from the direction of dip of the calcareous sandstone 
(or sandy limestone), that since its formation the whole islet has been driven in 
lagoonwards, so that this sandstone, originally formed at tlie back of the island, 
is now situated in front of it. A similar case occurs at Fualifeke Islett and <at 
Tefala. On the beach at Fuafatu, on the otlier hand, a fine coral rubble is even now 
being cemented into a fine conglomerate. An examination of specimens from the latter 
in thin sections shows the cement to be a fibrous radial calcite. In the case of the 
calcareous sandstones, sections examined under the microscope show that they too 
owe their cement to a secondary fibrous carbonate of lime devoid of organic structure. 
At first we inclined to tlie opinion that no cementation of loose material was 
taking place between the tide marks, but that it had all formed at or below the 
level of low tide. At the same time a careful examination of this sandstone showed 
that incoherent layers of sand were frecpiently interstratified with it and occun*ed in 
beds parallel to those of the sandstone. 

The extensive corrosion so noticeable towards the centres of the islets shows that 
carbonate of lime is being removed extensively by the agency of humic acid from 
these areas. Probably carbonate of lime is being removed at an equally rapid rate 
from the banks of sand and rubble on either side of these depressed central areas, 

* See Plito 12, Section l>, of Mulitefala. 
t See Plate 13, Section 1, of Fualifeke. 
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though the work of corrosion is in those latter cases less apparent, because as fast as 

the material is dissolved away from beneath it is partially renewed by additions of 

new material either from the ocean side or from the lagoon side of the reef In fact 

the reason for the existence of this central hollow or groove running down the 

centres of the islets is that while the whole of the reef rim above low tide is being 

dissolved slowly by humic acid, the work of construction on the portions nearest to 

the lagoon and ocean are nearly sufficient to keep pace with tlie destructive solvent 

forces. In the central portions of the islets, howevei% the destructive forces have it 

all their own way down to the level of low tide, as these portions of the islets are 

too far distant from the Hurriciine Bank on the one hand, and the Lagoon Rink on 

the other, to receive any additions of new material to replace the loss through 

solution. Obviously the calcium carbonate in solution nmst go somewhere. Part 

of it sinks through crevices and irregular hollows in the reef into the sea beneath 

(the fomidations of the islets as already stated being as porous as a sponge), and 

part oozes outwards into the beach sands. Heated as these are by the tropical sun 

they promote rapid evaporation in the calcareous solutions passing through them. 

Hence calcium carbonate woidd form and be deposited as cement Ix^tween the sandy 

particles.'^ 

Mr. Stanley (tARDINEr's observations on the formation of a similar rock at 
# 

Rotuma have such an important bearing on this subject that we quote them 
heret : — " On the beach between tide-marks it (our beach sand) ends with a 
beach sandstone formation. . . . The top of a layer which is the part most 
exposed to the air and to the waves is the hardest. If it is removed, as is 
constantly done by the natives for gravestones, it seems to be rebuilt, gi'owing 
up as it were from the broken edge ; fresh layers on the outside seem to be foniied, 
too, in a similar manner." 

It may \ye added that a somewhat similar calcareous sandstone, of quite recent 
origin, occurs on the beach between tide marks at Long Reef, near Sydney. Its 
occurrence just at this spot is in that case clearly due to a local soakage of humous 
acid from an adjacent peat swamp. The reason for the calcareous sandstone there 
and at Funafuti, &c., forming just between tide marks, the upper limit being usually a 
little below the level of high water, is related probably to the limits of the saturation 
zone (i.e., the zone saturated by soakage from the land), the upper limit of which, of 
course, varies with the tides, but which is normally a little below the level of high 
tide 

* An analogous deposit is forming at Norfolk Island, as described by J. E. Carne, F.G.S., of the 
Geological Survey of N. S. Wales, * Annual Iteport Department Mines, N. S. Wales,' for 1885, p. 145. 
In this case what he teims an oolitic limestone has incrusted the chain cable of the "Sirius," a 
ship which was wrecked at Norfolk Island in 1795. This incrusUition of the chain with hard fragmental 
limestone has tiiken place l)etween high and low water, though nearly at the level of low tide. 

Darwin refers to the formation of a similar calcareous sandstone, * Coral Reefs,' Chapter I., Section 1. 

t 'Pruc. Camb. Phil. Soc.,' 1895-1898, vol. 9, p. 443. 
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The tjrpes of rock referred to under the head of L.5, L.6, L.7.A., L.7.B., L.8.A., 
and L.8.B. need little comment. They are all of detrital origin, formed by the 
action of waves and wind operating on the lagoon shores of the atoll. They differ 
from one another partly in composition (in some cases being formed chiefly of coarse 
gi'avel and shingle, composed of coral breccia, Lithothamnion, &c., and in other cases 
of foramini feral sjind), partly in age. The relation of these rocks to one another is 
shown on Plate 6, Fuiiafara, Plate 7, Falefatu, Plate 9, Sections 9 and 10, on 
Plate 12, Plan and Sections of Mnlitefala, Plate 14, Plan and Sections of Tebuka. 

These plates show that the alx)ve formations mostly form curved belts, or parallel 
bands, on the lagoon side of the islets, l)eing composed partly of material pushed around 
from the ocean front of the islets inwards towards tbe lagoon, but chiefly of sand 
driven landwards from the lagoon by waves and wind. The gi*eatest elevation 
attained by the sandy deposit marked L.8.B., is at the north end of Fatato Islet, 
where it is 13 feet alx>ve high water. A feature specially deserving of notice in 
connection with these strata is that they are terraced, the older strata })eing a little 
higher than the newer, as shown in the Sections on Plates 9, 12, and 14. While in 
some cases the gi'eater elevation of these inner terraces may be due to storms of 
exceptional violence, we think that, on the whole, the evidence is in favour of 
downward movement of the shore line. 

As regards the deposit marked L.9.A., this is a recent gravel of the lagoon beach, 
composed of well-rolled and subangular fragments of coral and coral breccia, from 
about 1 inch up to 3 indies in diameter. This also is slightly terraced, the upper 
terrace being about 1 to 2 feet above the lower. Of an intermediate character 
between L.9.A. and L.9.B. is the fine sulmngiilar reef-rock rubble, which finds a 
temporary resting place on, or near the erosion zone O.2.C. of the reef platform on the 
ocean side. Some of this becomes iml^dded between the coarser material of the 
Hurricane Bank, some is washed back into the channels on the reef-edge, (^.L. 10, and 
is swept over the reef-platform into the lagoon. We observed in the latter case that 
such subangular material, even when bedded in water subject to swift and variable 
currents, ciime to rest at angles at least as high as 40*^, as at the channel into the 
lx)at harbour on the lagoon side of Pava Islet. One of us (Mr. Sweet) has observed 
that at the north end of Avalau the foraminiferal sand rests at an angle of 33°, 
even where bedded in the moving tidal water. The sand was chiefly 2inopo)^s^ 
and, no doubt, the spines on the tests facilitate this sand coming to rest at such a 
steep angle. 

The steepness of angle at which angular rubble from a reef will rest in water is 
obviously of interest in relation io the angle of the steep submarine slope bounding 
coral reefs. Such material, the natural angle of repose of which, in still sea water, 
may be 40°, or upwards, may attain a dip of 60° or 70°, or even become vertical 
through becoming rapidly cemented by Lit hatha nmion, Polytrema, Carpenteria, 
Sei'pxdWy Pohjzoa, &c. 

L 2 
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The deposit L.9.B. is formed for the most part of Foraminifera, amongst which 
Ch'bitolites, Tinopoinis and Amphistegina predominate, together with fragments of 
Lithothamnion, and joints of Halimeda, The Lifhothamnion sand is more plentiful on 
the western side of the atoll than on the eastern. As already pointed out by one of 
us, Calcarina is abundant, together w4th Tinoporus baculatuSy at the islet of 
Motungie. Along the lagoon shores at the southern end of the atoll, the small 
lamellibranch, Cardium fragMm, is so abundant that it constitutes nearly one-half of 
the beach sand. Tinopoi^us haculatus, however, forms the bulk of the sand in that 
area. At the southern end of the atoll, the whole of the islands are being removed, 
the sand l^eing driven further and further on to the neighbouring portions of the 
lagoon platform. One of us (Mr. Sweet) is of opinion that the transference of 
material at that locality only needs to continue for some time, and a new sand island 
will be formed at that end of the lagoon. 

The Hurricane Bank, O.4., is formed chiefly of torn-up fragments of the breccia 
pavement, together with fragments of corals, millepores, and Lithothamnion, This 
material is coarse and jagged above the level of high water, and, l)eing more or less 
covered with black lichen, has the aspect of a bank of l)asaltic scoriae. The fragments 
are from a few inches up to 1 or 2 feet in diameter. The Hurricane Bank either 
rests directly on the breccia sheet, O.2.D., or on some of the older lagoon deposits, 
such as L.6, L.7.A., &c. Though developed chiefly on the ocean side of the islands, 
a Hurricane Bank is also found in many places on the lagoon side of the eastern rim, 
especially in exposed positions like that of Funamanu and Fimangongo, north of 
the Bua-Bua Passage, and at Falefatu and Mateika, to the south of the said passage. 
It forms the highest land in the atoll, that near the south-west end of Telele, 
where it rises ]6 feet above high water. The material of the Hurricane Bank, 
like the older lagoon material, shows terracing in places, as at the north end of the 
islet of Fuafatu. (See Plate 16, and Section 1.) 

The outer angle of slope of the Hurricane Bank is steep, l)eing at IS'^-SO'^, while 
inland the dip is more gradual, at about 10~. Inland it passes downwards into a 
" clinker field," of highly corroded fragments, which in tin-n blend with the solution 
area of the breccia sheet 0.2. A. The general appearance of this inner part of the 
Hurricane Bank is shown on the following figure (fig. 18, from a photograph by 
Mr. Sweet). A point of special interest is the occurrence of a thin, but very persistent 
band of pumice pebbles, interstratified with the upper part of the Hurricane Bank. 
There can be little doubt that these were derived from the great eruption at Blanche 
Bay, in New Britain, in 1878. The local trader at Funafuti, the late Mr. O'Brien, 
told us, that during that year the Funafuti Lagoon, in places, w^as covered with rafts 
of floating pumice. The pumice layer in the Hurricane Bank is mostly from 
b^ to 6 feet above high water (see Plate 9, Section 10), and it is interesting 
to note that the ordinary material, to a thickness of 2 to 3 feet, has been piled 
over the top of this layer of pumice since the date of its arrival. This was oft^n 
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observed in sections on the cicesm side, and tlie layer was occasionally seen out- 
cropping on the inner slope of the Hurricane Bank, thus indicating a sul)stantial 
i-ecession of the latter since the deposition of the pumice. This pumice layer is 
repeated occflsionally under similar conditions along the lagoon side of the atnll, 
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Fig. 18. — Inner jwrt of thti Iliimciiiii; Biiiik, aonth of Mimgrovc Swamp, Fuimfiiti. 



where it fretjuently forms a projecting shelf, tlie jiumice pebbles l^ing Iwuiid together 
by matted roots, chiefly of tlie cucoanut palm. 

The following analysis of this pumice, by T. (Jooksky, Ph.U, B.Sc, is quoteil from 
Memoir III.. Part 1. Australian Museum, Sydney, '■ The Atoll of Funafuti." p. 77 : — 
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Hyt^roscopic moifttiire '09 

Loss on ignition 2*29 

SiO. 66-50 

¥vJ) 3-21 

Al.Oo 16-84 

wJlv/ o*()^> 

Mu'O lo:^ 

K.,0 5-44 

Na.,() 2-5:3 

P.>()- trace 

100-96 

A i)artial analysis of another pelAle of a darker shade gave 60''-37 of SiO.,. 

The general appearance of the Hurricane Bank facing the ocean, as well as of the 
reef platform at low tide, is shown on Plate E, the lower figure giving the living 
Lifhothaninioii zone, O.L. 10, just awash at low tide, and next inshore the zone of 
dead Lit] lOtJi amnion, ()^^, succeeded hy the old breccia sheet, and sui'moiuited by tlie 
Hurricane Bank. 

The dei)osit i)/^ may l)e defined as a zone of dead I Athoth amnion and forami- 
niferal rock, more or less of the nature of a breccia, with a smooth or slightly 
mannnillated surface. It lies next inshore to the livino; Lithothammon zone of the 
ocean platform, and is carpeted in j)laces with small green algae, replaced occasionally, 
as at Funamanu, by ochreous algje. In addition to Isithothamnion^ Polytrema planum 
has played an im])ortant part in building this stratmn. A reference to Plate 17, 
Section on line (J-D, by Mr. G. H. Halligan, shows the general relation of this crust 
of dead Lif/tothamnion, Polytrema, Carpenteria, &c., to the old Heliiypora ccenilea 
reef, O.L.I. This section mav be taken as a tvv)e of what obtains elsewhere on the 
eastern rim of the atoll. 

It will be noticed that towards the ocean edge of the ().3 zone the deposit rises 
first, then falls over so as to form a low rim al)out 6 to 7 inches al)Ove the general level 
of the small flat inside it. This flat, l>ounded seawards by tlie rim, is occupied 
by a seiies of long shallow pools at low tide. Accurate levels, taken with a 1 2-inch 
dumpy level, by Mr. HALLKiAN, show that the top of this rim is 2*82 feet above 
low water, whereas the bottom of the flat inside it is only about 2*22 feet above 
the same datum. A glance at the deposit which comes next outside, O.L. 10, the 
living LithothamnioH zone, shows a repetition of the shallow flat and raised rim, the 
levels in this case being lespectively 1*21 and 2-22 i'eet al)ove low water. 

We have fonned two conclusions fi*om tliis : — (1) That the rim of 0.3 represents 
the former outermost lim of the reef platform at low tide, a position analogous to that 
now occupied by the rim of O.L. 10, and consequently that the edge of the reef plat- 
form since the deatli of the Lithothamnion and other oiganisms forming 0.3 has 
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gained on the ocean by the width of the living rim, O.L.10, which, as shown by 
Mr. Halligan's section, is represented l)y the difference between 170 feet and 
266 feet, that is a distance of 96 feet. Tliis does not, of coiu'se mean that the edge 
of the reef platform of the atoll has advanced seawards, as the result of periplieral 
outgrowth, by a similar amount in the interval of time during which the belt O.L.IO 
was being reclaimed, but simply that as a result of the retreat of the sea-line as well as 
of the upgi'owth, and perhaps to a limited extent outgrowth of ().L.10, an extra width 
of reef platform amounting to about 96 feet is now uncovered at low tide. It is not 
, necessary to assume a combined upgrowth and outgrowth of more than a few inches 
in order to account for this widening of the atoll by 96 feet, as reference to Plate 17 
will show that there are numerous piers of reef-rock, only a few inches l>elow low 
water, lying just l)eyond the low water line, and consequently a downward movement 
of the shore-line only a few inches in amount, assisted by upgrowth and outgrowth 
of Lithothammon, would considerably widen the reef platform. 

(2) The death of the Lithothamnion, &c., in 0.3 is due to a slight downw^ard 
movement of the shore line amounting approximately to the difference l)etween the 
general levels of the surfaces of 0.3, and of O.L.IO respectively, which amounts to 
l)etween 7 and 8 inches. Thus the downward movement, of which evidence has 
already been supplied by the raised Ileliopora ca^rulea reef, the breccia outliers, the 
older terraced deposits of the lagoon side of the islets, &c., has probably been 
prolonged into quite recent time and may even yet l)e in progress. 

It might be argued that the death of the Lithothamnion in 0.3 nnght result from 
its removal from the reach of the sea-spray at low tide through the upward growth 
of the Lithothamnion oi' 0,IjAO interposing a strip of reef at low tide between 0.3 and 
the line of breakers. This explanation would be reasonable if 0.3 were on the same 
level as O.L.IO, Init, as stated, it is not, 0.3 being from 6 to 7 inches above the level 
of O.L.IO. In view of the observations by Mr. Finckh, that if the Lithothamnion be 
exposed for only one hour to sunlight above low tide, in a position where it is not 
bathed by the sea or sea-spray, it dies, and inasmuch as the dead Lithothamnion of 
0.3 is now exposed under the above conditions for fully 2 hours at low spring tides, it 
follows that Lithothamnion could not live now where we now find it at 0.3 unless there 
were an upward movement of the shore line of perhaps about 6 inches, or some change 
of conditions which would admit of sea-spray being washed over 0.3 at low tide. 
Hence we consider that we are justified in assuming that a downward movement of 
about 6 to 7 inches has probably taken place since the time when the Lithothamnion 
of 0.3 was alive. 

It will be noticed that on our geological map of the atoll a very large portion of the 
reef platform of the western rim of the atoll has been mapped in as 0.3. It is quite 
possible that old Ileliopora crprulea reef may underlie the 0.3, there as it does on the 
eastern rim. It will be noticed that in Plate 17 Mr. Finckh shows that some of the 
long channels which penetrate tiie \iv lug Li that haninion zone O.L.IO, terminate in 
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blow-holes in the surface of 0.3. These appear to represent what were formerly open 
channels which have subsequently become roofed in, except at the blow-holes O.L,10. 
The rock thus indicated forms an almost continuous fringe around both the outer and 
inner edges of the leef platform, which Mr. Hedley likens to a carpet of dull crimson.* 
It is thus defined in our Index : — ** Upper portion of the living L%ihothamni(yii 
zone which is awash at low water of spring tides. This is chiefly developed at the 
edge of the reef platform facing the ocean, but is also present in places along the edge 
of the lagoon platform. On the ocean platform it forms conspicuous fringes at the 
edges of the channels and blow-holes and around the latter, where it is bathed by the 
spray, it forms numerous strong lip-like elevations or low mounds. Its surface is 
pitted, partly by burrowing echinoderms, and is tubercular, and usually slightly 
raised above that of zone 0.3." This last statement is correct only for areas 
where O.L.IO is developed around blow-holes or channels, for as shown by Mr. G. H. 
Halltgan's levels, the general level of O.L.IO is below that of 0.3, and as already 
stated, in his section on Plate 17, the rim of O.L.IO is raised about 6 inches above 
the inner portion of the same zone. Since this was written Mr. F. Chapman has 
shown that much of the material around the blow-holes and edges of the channels is 
Polytrema and Cavpenteria, more or less interstratified with Lithothamnion. 

Mr. A. E. Fixckh's careful and detailed plan on Plate 17 gives an excellent idea of 
the shape of the l)oundiry-line seawards of the living Lithothamnion zone. Its 
general appearance is shown on the lower figure of Plate E.t In the latter the 
O.L.IO zone extends from the lower edge of the photograph almost as far as 
to where the suction pipe from the diamond drill enters the water at a pool com- 
municating with one of the channels. As is shown by Plate 17, the rock of O.L.10 
runs out seawards in a number Of irregular piers separated from one another by 
numerous channels. At low tide the sea rolls up these channels and blow-holes with 
considerable violence, and when this is accompanied by a general rush of water from 
a large breaking wave over the edge of the reef, the expression "running a traverse" 
acquues for those engaged on such a work a new and literal significance. 

Further seawards below the level of low tide the Lithothamnion zone is continued 
in the form of irregular mounds, as shown in the "Detail Plan of Channel" by 
Mr. Halligan on Plate 19. At first sight one is apt to form an exaggerated 
idea of the depths of these channels. Actual measurements by Mr. Finokh shows 
that their depth does not exceed from 10 to 12 feet. A cross-section of five of them 
is shown on Plate 17, and a description of them is given by Mr. FiNCKH in Section VL 
He states that Millepora alcicornis grows sparingly on the sides of the channels 

♦ "The Atoll of Funafuti," * Memoir III.,* Part I., p. 13, Australian Museum, Sydney, 1896. 

1 This is taken opposite to the main drill bore-hole. In the foreground is the living Lithothamnion 
zone (O.L.IO), with the head of one of the channels. Next inshore is 0.3 (near the end of the suction 
pipe for the drill). Then comes the breccia, O.2.B., O.2.C., and O.2.O., surmoiuited by the Hurricane 
Bank. 
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together with Podllopora gvandis. It will be noticed that pebbles of reef rock 
strew the bottoms of some of these channels, but further seaward, according to his 
observations, the Lithotliamnion rock is bare of detritus until the zone of live 
Halimeda is reached. The latter ranges on the ocean side of the reef, from 5 fathoms 
down to 45 fathoms. The structure of the reef below this level is described in 
Section VII. 

In regard to the intricate succession of channels and piers forming the boundary 
of O.L. 10, at low tide, we must inquire whether the former indicate channels of 
marine erosion, the piers representing incipient outliers, and the mounds beyond 
complete outliers, or whether the piers represent areas of more, the channels of less, 
active growth. If the latter hypothesis be considered, it may be remarked that 
when once re-entering angles are developed at the edge of the reef platform, through 
some portions of it growing out more rapidly than others, the heavy surf, funnelled 
in between the piers, would tend to erode back the bay, or at all events to check 
temporarily the further outgrowth of the reef at such points. Meanwhile as the piers 
are pushed further outwards owing to accretions of Lithothamnion, &c., the tendency 
is for these channels to be roofed over near the level of low tide, which is the zone of 
most vigorous growth of CarpenCeriay Polytrema and LithoOmmnion. The spaces 
left open further inland form blow-holes. Meanwhile, the sea-water surging to 
and fro in these channels, and sweeping reef debris backwards and forwards, continues 
to erode the bottoms of the channels, so long as the holes remain open, and thus admit 
of an ebb and flow of the water. 

We thus hold the view, as the result of the study of the O.L. 10 zone, that a very 
slow peripheral enlargement of the atoll is still taking place.* On the eastern rim of 
Funafiiti this growth is dependent almost entirely on Lithothamnion y Polytrema^ and 
Carpenteria. Mr. Finckh's experiments proved that the Lithothamnion can spread 
horizontally at the rate of 1 inch in 6 '56 months, but the layer so formed was so 
thin as to be almost inappreciable, probably between 1/50 and 1/100 of an incli. 
As, therefore, it may take fifty years to form a layer 1 inch thick of the encrusting 
type of Lithothamnion, it is obvious that portions of this Lithothamnion rock which 
have a thickness of several inches must be of considerable antiquity, and the exten- 
sion outwards of the atoll rim by this agent must be proportionately slow. Unfor- 
tunately, the presence oi Polytrema and Carpenteria amongst the Lithothamnion was 
not detected at the time the experiments on rate of growth of reef-forming organisms 
were being conducted, so that more data are needed. 

We may now pass on to consider the development of O.L. 10 around the edge of 
the reef platform on the lagoon side. A remarkable feature in the lagoon reef 
platform is the low cliff, from 2 to 3 fathoms deep, in which it generally terminates. 
The edge of this cliff, together with a small portion of the upper surface of the reef 
platform, where it is awash at low tide, is encrusted with living Lithothamnion. 

* * Natural Science/ vol. 12 (1898), p. 174, ** The Broadening of Coral Islets." By C. Hedley. 
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On the east side of the lagoon the edge of the cliff face is soniev/hat cavernous and 
friable, owing chiefly to the destructive work of burrowing organisms, such as 
gephyrean worms ; the constructive growth of Lithothavinion and coral and Halimcda^ 
checked on this side of the lagoon by heavy silting, scarcely availing to keep pace 
with the agents of destruction. On the western shore of the lagoon platform, 
however, the edge of the low cliff faced with O.L.10 is firmer, a fact due, no doubt, 
to the comparatively rapid gi'owth there of both Lithothamnion and coral. Apparently 
then the small lagoon cliff owes its origin to a cause somewhat similar to that of 
the great submarine cliff bounding the atoll on the ocean side, viz., to the fact 
that the chief reef-building organisms grow most rapidly in comparatively shallow 
water, the tendency thus being for the upper portion of the atoll rim to grow 
outwards faster than the bottom. On the ocean side of the reef, however, the force 
of the waves and ocean current is sufficient to bevel the edge of the submarine cliff 
down to a level of about 30 fathoms, w^hereas, in the calmer water of the lagoon, no 
such bevelling has taken place ; hence, in the latter case, the cliff falls straight down 
for 2 to 3 fiithoms from the level of low tide, except in places where it has been 
obliterated by detritus swept lagoon wards over the reef platform.'^ Deposition of 
silt at its base has undoubtedly in places much lessened its height. This low 
submarine cliff at Funafuti is shown to a limited extent on Section 10 of Plate 9, 
where there are two drops close together of ^ fathom each. Near Pava and Fualifeke, 
however, as well as ofl Funamanu and Funangongo, the drop amounts to 3 to 4 fathoms. 
The following table of areas occupied by the various types of rock at Funafiiti. 
noted in the geological index, has been kindly prepared for us by Mr. G. H. 
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acres. 


O.L.IO 


545 • 430 


O.2.D. 


87-747 


L.7.B. 


1 
174-871 


0.4 


215-678 


O.2.E. 


256-081 


L.7.A. 


90-319 


0.3 


1042-434 


] O.L.I 


1002-104 


L.6 


33-865 


O.2.A. 


44-076 


Li. 9. A. 

and 

L.9.B. 


101-705 

1 


L.5 


11-496 

• 


O.2.B. 


176-010 


L.8.iB. 


18-805 


L.3 


12-855 


O.2.C. 


32-689 


L.8.A. 


35-077 


L.2.B. 


7 - 383 










L.2.A. 


3-973 



* Thif? cliff has cilso been referred to by Mr. Stanley Gardiner, *Camb. Proc. Phil. Soc.,' 1895-8, 
voL 9, p. 424. lleference has also l)een made to the existence of a similar cliff on what was, doubtless, at 
one time the edge of the lagoon platform of Christmas Island, in the Eastern Indian Ocean, by Dr. C. W. 
Andrews (" A Monograph of Christmas Island (Indian Ocean), Physical Features and Geology," 1900, 
p. 13). He states : " The flat surface is similar to the reef fiat of an atoll, the inner cliff to the sudden drop 
of tvx) or three fathoms which often occurs on the lagoon side of the reef flat." (The italics are ours.) 
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It should be explained that the above areas refer ouly to that portion of the atoll 
which was geologically mapped, which is about four-fifths of the whole atoll rim, as 
shown on Plate 1. The one-fifth omitted is all reef platform, submerged at high 
tide, and of this fifth, approximately one-half would be 0.3; one quarter, 0,L.l ; 
about one-sixth, O.L.10; and about one-twelfth, outlying patches of various types 
of 0.2 (breccia sheet). 

With regard to the al)ove areas, it should be noted that the old Heliopora ccbi^dea 
reef, 0.L.1, the area of the exposed surface of which is given as 1002*104 acres, 
certainly underlies the whole of the northern, eastern, and southern portions of the 
atoll rim, with the exception, perhaps, of about half the area denoted by O.L.IO, 
that is, the portion of O.L.10 on the ocean side; and there can be very little 
question that the old Heliopora reef underlies a large portion, perhaps, the whole, 
of the western rim also, so that, in the area mapped, it is not unreasonable to assume 
that the Heliopora ccerulea reef underlies the whole of it, with the exception, 
perhaps, of the area of the outer reef occupied by O.L.IO, which amounts to about 
273 acres. The total area of the Heliopora ccerulea reef, in the portion mapped, 
which totals 3893 acres, would thus be 3893 — 273 = 3620 acres, instead of 
1002 acres, the area of the surface actually exposed. Of the area of 545 acres, 
accredited to the living Lithotluimnion reef O.L.IO, about one-half, viz., about 
273 acres, may represent the area of the reef platform, on the ocean side, brought 
above low water level during the latest downward vertical movement of the shore 
line to the extent of about 6 to 7 inches. It may be noted that the total area of the 
breccia now exposed is only about 596 acres. To this may be added the amount 
hidden under a capping of newer deposits, which we estimate at about 704 acres. 
This would approximately raise the total area now occupied by the breccia to about 
1300 acres. 

The amount of material in the Hurricane Rmk derived from the breaking up of 
breccia sheet is not equal to the amount of breccia which can be proved to have been 
eroded. The missing material, however, may be fairly accounted for by the amount 
removed in solution, which must be considerable, and also by the amount of material 
pounded up into fine Siind at the foot of the Hurricane Bank. This material is partly 
blown over the top of the bank on to the surface of the islets, and is partly sucked 
back by the waves and tide into the channels on the outer slope of the reef 



Summary of tuk Geology and Past Puysical Geography of Funafuti. 

The facts already adduced show that the general shape of the original foundation 
of this atoll has been determined by some cause, probably volcanic action, or folding 
of the earth's crust, independent of the direction of the prevalent winds and ocean 
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currents. Since the determination of the broad outlines of the island its shape has 
been modified chiefly by : — 

(a) Organic gi^owth of the reef-forming plants and animals, notably Halimeda and 
Litliothamnion among the former, and foraminifera, corals and Millepora among the 
latter. 

(b) By prevalent winds, which are respectively the S.E. to E.S.E. trade- winds and 
the N.W. monsoons. 

(c) The ocean and tidal currents. 

The convexity of the atoll on the eastern side and the concavities in its outline on 
the western side are thought to be due respectively to the work of the trade-winds 
being less destructive than that of the monsoons. The monsoons are frequently more 
violent than the trade-winds and tend consequently to keep open breaches in the 
reef, whereas the trade-winds are steadier and less violent, and thus have a less 
effect than the former in sweeping debris off the reef platform into the lagoon. 
Another likely reason for the atoll being more open on the western than on the 
eastern side is that if, as the magnetic survey seems to indicate, there is a nucleus of 
magnetic rock near the eastern side, that portion may be the older, and the reef may 
have started to form there earlier than it did on the west side. The two deep 
passages through the western reef rim, Te Ava Tebuka and Te Ava Fuagea, each 
about 25 fathoms deep, are evidently of considerable antiquity, as is shown by the 
great extent of the reef growth which flanks their sides for a distance of over a mile. 
At the point where the prolongation ocean wards of Te Ava Fuagea meets the 100- 
fathom line the soundings show evidence of a deposit about 300 feet in thickness. 
This is also in favour of that passage being of considerable antiquity. The lowest 
visible foundation rock of the reef platform along the whole of the northern, 
eastern and southern portions of the atoll is Ilcliopora ccendea, with occasional 
Porites. On the western rim Pontes reefs abound, but none of the old Heliopora 
cmrulea reef was observed there in situ, though it probably underlies the present 
horizon of the dead Pontes, a view rendered highly probable by the occurrence of 
fragments of Heliopora ccenilea at the base of the breccia sheet of the western rim. 

Since the time that the Heliopora ccB)nilea reef flourished just west of the Man- 
grove Swamp in the main island, a downward movement of the shore line has taken 
place of at least 6;^ feet, while in the case of the raised Porites reefs of the western 
side of the atoll, there must have been either a land-elevation or a sea-sinking of at 
least 9 to 10 feet. Prior, however, to this final downward movement (which is probably 
still in progress) there was a slight similar movement exposing the Heliopora and 
Porites reefs to the full denuding force of the waves, followed by a contrary move- 
ment of fully 8 feet, for we find that the surface of the old Heliopora ccendea reefs 
was for the most part covered with coral fragments, in a manner which could only 
have been accomplished by the denuding and disintegrating action of the ocean 
between tide marks, and it is necessary to assume a subsequent rise of the sea of 
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at least 8 feet to account for the fact that this disintegrated material became firmly 
cemented in situ by Lithothamnion. But this alga cannot live for more than about 
1 foot to 2 feet above the level of low tide, and even in these cases it is necessary for 
it to be continually bathed by the spray, if it is to remain alive. 

As much of this Lifhothamnioii'Cemented breccia is now fully 2 feet above high 
water, and, as the tides at Funafuti have a range of about 6^ feet, a rise of 
the sea of 6^ feet would be necessary in order to bring the present top of this 
breccia sheet down to the zone of living Lithothamnion, the upper limit of which is 
about 2 feet above low-water spring tides, as just stated. At the south-west end of 
the islet of Telele an outlier of this breccia rises 10 feet above high water. Since 
this has corals in situ in it up to that level, and is cemented in the usual way, 
a rise of the shore-line of even as much as 14 to 16 feet would be necessary in order 
to submerge the summit at low tide, and so admit of the growth of the corals. 

There is no definite evidence that any islets were formed during the growth of the 
old Heliopora ccenilea and Porites reefs, but during the subsequent slight dowiiward 
movement, followed by erosion of the preceding reefs between tide marks, the 
material thus eroded was probably piled up so as to form long islands. Subsequently 
these were submerged, and their materials spread out by waves and currents, and 
consolidated by Lithothamnion, &c., so as to form the breccia sheet. 

This submergence amounted to probably about the extent of the maximum 
thickness of the breccia sheet, or at least 5 to 6 feet. A re-emergence of the 
atoll followed, the reef platform now consisting of Heliopora and Porites reef Ijelow 
and a breccia sheet above. By this re-emergence a continuous strip of land was 
formed from the Bua-Bua Passage to Pava, and probably from the north end of 
Mateik.i to Te Ava Fuagea. Isolated masses of breccia were also developed at 
Fuafatu, and probably on other portions of the atoll rim between Te Ava Fuagea 
and Pava. The hard breccia sheet, brought now within effective range of the 
battery of the heavy surf, became completely cut through in places, the portions 
which best resisted denudation forming the hard substratum of the present islets. 
Meanwhile, masses of breccia would l)e dislodged from the ocean platform on the 
eastern side of the atoll, and from the lagoon platform on the west side, by the 
waves raised by the trade-winds, while, during the seasons of the north-west 
monsoons, the breccia would be attacked on the ocean platform of the west side of 
the atoll, and on the lagoon platform of the east side. By this means a double line 
of Hurricane Banks was thrown up both on the east and west sides of the atoll, 
so that, on both these sides, were raised an inner and an outer bank, which, classed 
on the basis of the agent which formed them, might be indicated in order thus, from 
west to east : — 

Outer N.W. Monsoon Bank. 

Inner S.E. Trade Bank. 

Inner N.W. Monsoon Rink. 

Outer S.E. Trade Bank, 
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Minor oscillations of the shore line followed, during which debris from the breccia 
sheets became overgrown by Liiliothanuiion and coral, as at Telele, and near 
Luamanife, on the main island, as well as in the case of the Amatuku conglomerate, 
and thus an upper crust of rock formed itself above the old breccia sheet. Finally, 
a downward movement predominated, and portions of the raised breccia sheet at the 
centres of the islets, where they were beyond the protection of either the inner 
or outer Hurricane Banks, would be dissolved away under the action of rain-water 
charged with humous acid, whereas the portion of the breccia sheet under these 
Banks would be more or less protected from corrosion by the overlying rubble and 
sand. Hence, towards the centres of the islets, a corrosion hollow would be gradually 
channelled out of the breccia, down to near the level of low tide, so that at high tide 
a strip of sea-water would occupy the centres of the larger islets, as is now the case. 
Such hollows would be bounded by strips of breccia of almost the full original 
thickness of the sheet. If, therefore, through denudation and erosion, operating 
from the ocean lagoon wards, the Hurricane Banks were driven in and pushed over the 
strips of breccia, and across the reef platform, a low wall of breccia would be left 
facing the ocean, marking the former foundation of the Hurricane Banks. Meanwhile, 
the detrital material of the outer bank, driven rapidly across the old corrosion 
hollow in the breccia, would find support against the strip of breccia preserved under 
the inner Hurricane Bank. This is precisely what has happened at Fualifeke and 
Pava Islets, where the outer wall of breccia marked O.2.D. (see Plate 13) marks the 
original position of the outer Hurricane Bank (see specially Section 1 of Fualifeke). 
What is, perhaps, even a more instructive case, is afibrded by the islets of Amatuku 
and Mulitefala (Plate 12). The northern shore of Amatuku still holds the advanced 
position on the breccia line O.2.D., but Mulitefala Islet has been driven from 
the outer defence lagoonwards, its rallying point in this case being chiefly some 
masses of bedded calcareous sandstone, whose lagoon ward dip shows that they were 
formed on the lagoon shore of the reef (see Section 2 of Mulitefala, Plate 12). 
It is, however, at the south-west portion of the atoll that this action is perhaps -best 
illustrated. A long but interrupted line of breccia outliers runs from near Fuagea 
Islet to Avalau, and thence bends round to Motungie Islet (see Plates 3, 4, and 5, 
and particularly Section 1 of Plate 4 of Tefala). There has obviously at one time 
been a long island here from near Fuagea, down to as far south as Avalau, and from 
here right around to Mateika. 

We return now to the consideration of the further growth of the islets of 
the atoll. Inside the Hurricane Banks blown sand and fine rubble gradually 
accumulated, and the islets became clothed with vegetation, and stocked with 
their present fauna. Meanwhile the deposit of silt at the inner angle of the 
main island gradually led to the death of the belt of Heliopora cceindeay 
which up to this time still flourished in the lagoon at this part of the atoll, 
though it continues to flourish luxuriantly in the lagoon (from a little below the 
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tion to receive them all without materially affecting its depth. The main island, 
however, though receding slowly on the ocean side, has certainly gained considerably 
in width, in the immediate past, through the deposit against its lagoon shore, near 
Fongafale, of foraminiferal and Halimeda sand, and there is every probability that it 
will continue to so gain in the near future. 

We have already given many reasons, in the earlier part of this report, for our 
opinion that probably the atoll is slowly enlarging its periphery. It will be interesting 
in years to come to compare the outline of the reef at the main island, opposite the 
diamond-drill camp at the 1114 feet bore, with that shown on the carefully measured 
plan of Mr. Fjnckh on Plate 17 and that of Mr. Halligan on Plate 19. It will 
also be of interest to refer the Admiralty Bench mark on the Mission Church and 
the permanent marks fixed by Mr. Halligan and Mr. Finckh on the ocean and 
lagoon platforms of the main island to the level of low- water spring tides in the 
future. The Lithothamnion itself, in the neighbourhood of these marks where the 
latter w^ere placed in the living Lithothamnion zone (O.L.IO) should serve as a fair 
tide-gauge to indicate upward or downw^ard movement of the order of 5 or 6 inches ; 
for an emergence of 6 inches would probably sufiice to kill a large area of the 
LitJiothamnion now occupying the zone O.L.10 on the ocean side of the reef 

The surface geological evidence collected by us proves, in our opinion, that several 
oscillatory vertical movements of the shore have taken place in the immediate past 
at Funafuti, and we should not, therefore, be surprised if the evidence gained from 
the core shows that movements of the shore-line in both directions have occurred 
at Funafuti at earlier epochs. 

With regard to the geological maps of the atoll, other than the portions shown on 
Plates 17 and 19, no pretence to more than general accuracy can be claimed for them. 
It is hoped, nevertheless, that they may prov^ of use not only in illustrating our 
present views as to the atoll's structure, but also for later reference, when possible 
changes on a larger scale in its physical geography and geology are being studied by 
future observers. 



[Notf. — In the manuscript of this Ecport, the Authors, to avoid prejudging the question whether the 
level of the land or that of the ocean has undergone changes, speak of the "positive " (t.e., upward) and 
" negative " (i.e., downward) movement of the shore-line. We have substituted the more familiar terms 
** upward" and "downward," but it must be borne in mind that if the land has risen, this corresponds 
with an apparent downward movement of the shore-line, and rice versd. — Ed.] 
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APPENDIX I. 

Description of Small Islands of the Atoll. 

FUAGEA. 

Between the islets of Fuafatu aud Euageu, a distance of 4^ miles, the platform, which is discontinuous, 
is devoid of land except for two sand-banks. One of these, a mile or more N.W. of Fuagea, is small, and 
lias a few bushes on its summit ; the other, much nearer Fuagea, is long, low, and narrow. 

The southern half of the western rim of the atoll of Funafuti is not disconnected and broken up as is 
the northern, but is almost continuous, being of considerable width across, and conspicuously so opposite, 
«.^., west of the Mateika and Bua-Bua channels. Here the current and wind, for the greater part of the 
year, cause the water flowing from the ocean through these wide passages and across this narrow part of 
the lagoon, to impinge on the lagoon side of this western reef. At this place the reef has developed to 
its widest, forming at about the middle of the part so affected quite a considerable projection lagoon- 
wards. Here the extra width o£ the reef is sutiicient to permit an island to be formed (Plate 1). 

This island, called Fuagea, meaning " sand place," has been compared to the shape of a pear, with the 
stem to N.N.W. (Plate 3) ; it is essentially a sand island thrown up or widened by the wash of ocean and 
lagoon converging at its site. The distance between this island and the ocean margin of the reef on 
which it stands is greater than the ordinary width of the reef north and south of this point, so that it 
would appear that the island owes its existence to the unusual width of the platform here. This acts i\m 
a very wide breakwater ; on it there are, moreover, several bosses of Pantes and low breccia scarps which 
assist also in breaking the great force of the waves during the high tides and strong westerly winds, that 
occur from December to March, before they reach the present site of the island. On the other hand, on 
the lagoon side, though Fuagea is directly in the course of the S.E. currents as they come rolling in 
through the wide and deep passages above referred to, yet, as the island occupies a position a considerable 
distance from the lagoon reef edge, it has been possible for it to retain this position, though its outline is 
subject to variation. The island itself is thickly wooded with green cocoanut trees, especially at the south 
end, while to the north the vegetation diminishes in height and density before its limits are reached. 

At the time of my visit, after eight months of the S.P]. trades, a long point of sand (the stemi of the 
pear) projected to the N.W. without any vegetation whatever. To the south or larger end of the pear, 
the matted roots had been undermined and the trees, cocoanut and pandanus, had fallen ; some were still 
attached to the' land surface by numerous small matted rootlets, though their tops were lying on the 
beach. This beach was here unusually steep and short, with an undoubted erosion outline, rising sharply 
out of the water to a height of 2 to 4 feet. Li a less marked degree, all along the S.E. portion of its 
length, and on the opposite or 8.^^^, material is continually being removed from or added to the beach. 
About midway on the east side is a soft coarse sandstone formed chiefly of Lithothamnian, such as is to 
be found on adjacent portions of the beach ; it dips roughly 9^ eastwards, not, however, agreeing with 
the beach near by either in the direction of strike or angle of dip. 

Where it projects beyond the line of the present beach this sandstone is being eroded, and being but 
slightly coherent, is fractured as it is shifted and so becomes broken up into fragments, w^hich help to 
make up the present beach. This is probably the cause of the increase of Lithothamnion in the lagoon 
beach at this point, compared with what it has elsewhere on this island. There is a perceptible increase^ 
in the admixture of LWiothuninioii on the ocean side as compared with the lagoon one, except near the site 
of the LiihoUuiinnhn sandstone on the latter 

N 
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No dense sul>base to this island overlying the platform was anywhere observable ; but there does 
exist, much nearer the ocean margin than the present island, in addition to the Pontes bosses, in a few 
places over a small area, a very thin breccia-like covering scarcely distinguishable from the platform 
itself. 

The whole surroundings of this island indicate that, as already stat<}d, its existence is due to the 
exceptional width there of the platform and to the slight protection of the few Porites and remaining low 
breccia elevations, though even this is not sufficient to insure its stability. The few masses of Punies 
with the patches of breccia, while they mark the site, also represent the now almost obliterated foundation 
of the former island which has been eroded, the finer material being driven further and further lagoon- 
wards till it has reached its present position, which serves to mark the distance it has shifted from its 
earlier site. It also suggests that any extension of this earlier island or of others existing either north 
or south, or both, would probably have fared similarly ; but to have removed so far as this would have 
carried them beyond the platform, into the lagoon, which is undoubted)}^ what has happened. Now it is 
to be observed that nearly all along the western rim and southwards, the Admiralty Soundings indicate 
unusually shallow water from close up under the lagoon reef to a varying distance out from it, thus 
accounting for the material removed from the islands which at one time almost certainly occupied 
positions on this reef. 

Except in the case of channels, the spaces between the islands are occupied by a continuation of the 
reef platform on which they rest, while here and there along the middle or .outer portion of these platforms 
on the west side of the atoll, lines of low scarps exist corresponding with those on the wide platform 
north of Mulitefala, with pirniacles and a thin worn and rugged breccia sheet, in some places not yet all 
removed. Beside this, there are blocks of blackened coral to be seen at intervals all along, now 
numerous, now rare ; these, the so-called " negro-heads " of some writers, can 1^ examined at many points. 
On this side they appear to be chiefly Pontes, which are generally in situ ; and while present at other 
parts of the atoll, their presence is often conspicuous on the western reef platform, from the compara- 
tive absence of laud. Here only a few of them were examined, but those so tested were, as usual 
on this side, found to be big bosses of Pontes firmly embedded in and projecting through the platform 
as well as through the breccia also where it is still present. 

There can, I think, be no doubt that these low scarps and pinnacles with the Porites bosses and stumps 
are the lingering remains of the foundations of former islands. It will be noticed that only where these 
rocks are numerous or when there is a considerable mass of the breccia sheet not yet eroded away, will 
there be an island or a sand cay, each of which rarely exists without one or other of these defences, or 
else a wide expanse of reef platform Ijetween it and the ocean. * 

TEFALA. 

This islet, like Fuagea, stands well up above the waves, its highest point being about 9 feet above high 
water. It supports a fair number of cocoanut palms, though it is conspicuous for its Pandauus (Fala) 
trees, whence its name. It is free from fallen trees on the margin of its surface, and is not so subject 
to variations of outline as Fuagea, besides being more sheltered than it from rough seas (Plate 4). 

The material of its upper portion is throughout like that of the last islet, sand and small fragments, 
with the addition of some larger old coral fragments scattered on the surface, and accumulated 
in some quantity on a part of the S.W. beach. Its surface is even more flat than in the last, fewer 
undulations being present, though three or four are prominent at the east and S.E. portion. This part 
is exposed to the force of easterly gales across the lagoon — as my experiences there, limited as they were, 
sufficiently proved to me. Such gales as can exert their full force on the island, across the lagoon and 
over the narrowest part of the lagoon reef on to its beach, are, however, not common, but that they 
do 03cur is proved by the undulations on the upper margin of the island, and the sectional outline 



DESCRirTION OF SMALL ISLANDS OF THE ATOLT . 91 

of the beach. S.E. of the island a projection of the platform into the lagoon for several hundred yards 
protects it in that direction. 

At the Imwc of this islet and resting on the of^ean platform is a thin sheet of hreccia which continues 
around the S.W. and north of the islet, covering the platform, but worn to a rugged outline by the 
action of the waves. Resting unconformably on the inner edge of this are a series of more or less 
indurated fine and coarse sandstones (L.3. and L.2.A.) and finer breccias (L.2.B.), dipping N.E. towards 
the island an<l the lagoon at an angle of 5" to 8\ The finer breccias (L.2.B.) are also exposed at the 
S.E. corner on the lagoon side of the islet, under which it appears to extend. Beyond these sandstones, 
seawards, and projecting upwards through the older breccia, are large and small bosses of Pm-iies, a few 
of which corals have been noted at the last islet, and were seen, though rarely, on the platform between 
that islet and this. Here, however, they have suddenly become much more numerous, while to the 
S.W. they fire abundant, though smaller than those seen at Fu?igea, averaging here 2 to 3 feet in diameter 
by 1 to 3 feet in height above the platform and breccia, some l)eing nearly or quite up to high- water 
level. They are bounded on the ocean side by the corrosion zone, and become less numerous immediately 
to the south of the islet. Here either a space remained as a channel, which we think probable, during 
the growth of the Ponlein and the subsequent breccia deposition, or both the Porit^a and breccia have 
been subsequently erode<l. 

The position of Tefala on the reef is much nearer the ocean margin than any islet on the western 
reef between this one and the northern one of Te Afuiiliku, over 10 miles distant, and the undoubted 
cause of this difference is the protection Tefala receives fiom the presence of the remains of the breccia 
sheet and of the Porlf^s bosses, together with the more or less indurated coarse and fine sandstones and 
newer breccia on its western side. The persistence of the older breccia here is due to the great number 
of the bosses of PorUca, which is the most enduring of the coral masses found on these islets. Useful 
as it is, the protection afforded to the islet is not, however, equal to what it once was l^efore the breccia 
was corroded and dcmided, and from this it would appe^ir that the Poriics and older breccia must have 
supplied first a base for an island, and now a good protection to a later stage of its existence since it 
has been shifte<l nearer to the lagoon. This transference of material from one position to another is 
shown by (1) the dip of the sandstones, and (2) the fact that those now nearest in to the beach on the 
ocean side of the islet, but dipping under it, are, in one or two places where they have been recently 
uncovered, higher than those further seawards, although they are softer than the latter. From the 
contour of the breccia and the general strike of the sandstones, it would seem probable that the latter 
were laid down in and sheltered by a small bay on the lagoon side of the earlier islet. We must, 
therefore, reasonably infer that the islet is still moving lagoonwards, as, indeed, is inevitable from the 
gradual erosion of elevated obstructions on the platform. 

On this islet the descending order, chronologically, of deposition of the several formations appears 
to 1)0 : — 

10. L.9.B. and 0.4. 

9. L.8.A. Recent, but not covered with vegetation. * 

8. L.7.B. Older, sandy and loamy soil. 

7. L.6. Sandy and loamy soil. 

6. L.3. Newer Lithdhamnion sandstone. 

5. L.2.B. Newer reef breccia. 

4. L.2.A. Old lagoon conglomerate sandstone. 

3. L.3. Nullipore sandstone. 

2. O.2.E. Breccia sheet. 

1. Poniea and 0.3. Dead reef, now forming the reef platform, probably O.L.I. 
The history of this island, indicated by the order and position of its deposits, is as follows : — On the 
platform, over and including the present i>reecia remains, existed a breccia sheet of similar height to 
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that in other parts of the atoll, and strengthened by the presence of many PoriUs masses, which have 
persisted since before the formation of the older breccia. This was attacked by the waves, was eroded 
and broken off, and with any new coriil, Liihothnmnion^ foraminifera and molhiscan shells was thrown 
up, forming a complete islet as now seen on many parts of the atoll. On its lagoon side was a consideraWe 
indentation in its breccia, forming a bay ; into this the sand and d^hns from the islet were driven, and 
in time hardened, forming the compact sandstones (L.3.) dipping lagoonwards. These were then 
further covered and protected by more waste from the same islet being thrown over it ; the waste of 
this again proceeded, till by slow degrees the first islet disappeared from its old site altogether, and 
appeared further lagoonwards. It thus shifted more and more till the breccia, once the foundation of the 
islet, is now much eroded, and the sandstones once laid down lagoonwards of the islet, reappear on the 
ocean side and l^ecome also subject to erosion. 



TE FALAOINGO. 

Between Tefala and this islet (Plate 4) occasional black-topped pinnacles of rock are to bo seen which 
pierce the waters that cover the long tidal platform between its central axis and its ocean margin. 
These, which are the tops of Pontes and breccia pinnacles, increase as this islet is approached, until 
within a third of a mile north of it they become very much more numerous, occupying nearly the whole 
of the extent of the platform, and extending southwards to the next islet. On its first appearance it 
is suggestive of an extensive area of massive ruins, over the most of which, as the land has subsided, 
the sea has rolled and effected a general but rude levelling. The peculiar circular masses of coral 
raised mound-like in the centre, with concentric and rudely radiating joint-like markings, have the 
appearance, at first sight, of having ])een hurricane stranded. These are Pontes blocks tilted slightly to 
the sea as they grew, and embedded in the breccia mass, as though set in concrete. The latter contains 
only an occasional fragment of ForifeSy and, except for these broken pieces, most of the Pontes masses are 
in situ. There is a vast numl)er of these great blocks here, ranging up to 7 or 8 feet in diameter, and 
forming the platform level near the ocean margin, to 4 feet above high water, near the islet. They 
protrude through the main mass of the breccia which occupies the spaces between the bjises of these 
Paiiies blocks, and has here, as at other places, yielded more rapidly to the action of the waves than the 
Porites masses, so that the latter are left standing in relief. 

Very little Ileliopara cm'ulea was seen, and this not in situ; should it exist, as I think probable, it 
is obscured by the breccia. A little new Heliopora crenilm was seen with some other coral fragments 
among the breccia and between the Pontes. Unworn new coral of any kind is rarely thrown up here. 
This may be accounted for by the rugged character of the floor of the platform, and the upstanding 
Poj'ites blocks and breccia which would intercept and ])reak up any wave-borne object. What little 
there is, is chiefly broken pieces of the yellow Millepara, The outer sea-platform differs greatly here 
from the average sea-platform in width afld form, the width being much less than usual, and the " water 
channels " of the outer reef more numerous and penetrating further into the platform than commonly ; 
there is a much wider corrosion zone (0.2. B.), which is very much nearer the ocean margin than usual, 
there being scarcely any of the worn platform zone (0.3). 

The islet of Te Falaoingo is situated farther from the ocean face of the platform than Tefala, but 
not so far as Fuagea and the other western islets to the north of this. Its present existence as an islet 
is undoubtedly attributable, as in the case of Tefala, to its 1 icing sheltered from the strong westerly 
gales by the presence on the ocean platform of the protecting breccia and the masses of Porites acting 
as a breakwater. The islet is in form roughly an irregular oblong. It is composed of a thin layer of 
foraminiferal and Lithotliammoii sand mingled with a little beach lUhm, shells and pumice, &c., the 
surface of which is about \ feet al)ovc high-water level. The islet is attacked by the surf at every 
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coujiinction of westerly winds and high tides, while the sea hjus invaded and divided it into two, thu8 
giving rise to a channel, througli which at certain times water is flowing. 

The lagoon side, however, of Te Falaoingo must have remained almost stable for some ye<irs, as is 
pn)ved by the size of the trees, though, on the west side, clusters of the "Ngie" trees (Pf^mphU nnduht), 
some distance out, mark the comparatively recent boundary of the island oceanwards : thi^ boimdarv has 
now receded in places to half the width of the island at that time, l)Ut without aflecting its lagoon 
Iwundary to any considerable extent during the recent past. 

It is now, with its few cocoanut trees and shrubs, little more than the narrow remnant of what it 
evidently has been. Probably the small sand cay to the north of it represents the shifting remains of 
a long since detached extension of this island, which itself is now slowly approaching a state but little 
superior to it. The Poriffs and breccia sheet which surround this islet and the sand cav are evidently 
continuous under it, as the Porihs are seen in a few places appealing al)ovo the surface of the islet. 
The lagoon platform on the east side of the islet, though rugged, is very much less so than is that 
on the ocean side, the forces producing corrosion having evidently been less violent here than on 
that side. 

The history of Falaoingo is comparable to that of Tefala in so far as the Porifcs blocks, ])reccia 
sheet, and the shifting of its finer material lagoonwards is concerned. The former islet, however, is 
without the fine and coarse sandstones and newer breccia formations which constitute so conspicuous a 
feature on the latter. 

TUTANGA. 

The Porifcs blocks and l>reccia sheet noted at Te Falaoingo are continuous to and around this islet. 
Between the two islands are a tidal channel and a boat channel, through both of which the water often 
runs rapidly, and the latter nuist be forded, even at low tide ; in each, small corals of two or three species 
are living. The superior height and luxuriance of the vegetation on this islet makes it a conspicuous an<l 
beautiful object both far and near ; though small in area, it eclipses in the above respect many of very 
much larger extent aroiuid this S.W. corner. Its damp moss-covered blocks of coral and breccia, with 
their numerous ramifying caverns, and dissolving elinkcr-field-liko floor, are evidently well suited to 
its flora. 

The base of this islet appears to consist of the same formation as that surrounding it, but it differs from 
most other islets, especially on the western rim of the atoll, in that the foundation of breccia and Porif^'M 
in its centre is dissolving. These attain a height from 3 1^) 5 feet above high water, and between them thei'c 
exist deep pits with rugged sides and bottom, and of greatly varying depths, commuin'cating with each 
other by equally tortuous subterranean passjiges, in which the water rises sympathetically rather than 
simultaneously with the tides. The whole is sheltered by towering cocoan\it trees and closely veiled by 
luxuriant tropical ferns, shrul>s, creepers and thickly growing mosses; rendering clambering over and 
through it (walking is out of the question) and the examination of its vegetalion-coveied subterranean 
recesses lK)th difficult and hazardous. 

It is certainly a typical surface solution area of its kind, one that has its less pronoiuiced analogues on 
some of the islets in occasional solution areas, usually met with between the so-called clinker fields of the 
ocean side and the sand deposits of the lagoon side, though occasionally in the midst of the former. Still 
it is undoubtedly an area where the surface vegetation is exercising a very active and continuously 
corroding influence which, while it abstracts nutriment from the rocks, also renders them more susceptible 
of the dissolving effects of the waters from above and below. The most active solution appears to be 
limited to the central part of the islet, and as the lagoon side is approached, its intensity is gnidually 
but decidedly reduced till it appears neaily or quite to cease. The foraminiferal sand and small f ragmen tal 
material forming the surface of this east side (as well as on the north and south) probably obscures a 
Contiimance of the 7 Vri/e's area which can l>e seen outside it, and which occurs so markedly in the centre of 
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the islet. The rarifety blocks, though fewer in number here, appe.ir through the beach sand on the lagoon 
side, while the sand seems to retard greatly, even if it does not prevent, the process of solution. On the 
west or ocean side of this islet is a small but nigged clinker field whose outer boundary is also the limit of 
vegetation. Beyond this is the Hurricane Bank, which is succeeded by a depression along its side many 
yards wide and enclosed by an outer and smaller ridge forming a loop. The enclosed depression is carved 
out of the very hard and dense l>reccia sheet, and contains no PmiPs except as low stumps; it also 
follows exactly the shape of this side of the islet with which it is conterminous. 

Apart from the central solution area in this islet and a great accumulation of sand at the lagoon side of 
the northern end of this islet (viff^ Avalau), there is only one feature in its history distinguishing it from 
the islets above described on the western side — namely, that of the depression on the ocean side of the 
islet. Probably this represents the site of an earlier solution area equally or even more intense than the 
present one in the centre of the islot. If so, the area affected by solution is receding from the ocean side, 
jind its Hurricane Bank has l)ecn driven lagoonwards, so that an earlier position of this is marked by what 
is now the outor low ridsje. 



TENGASU AND TEAFOAFOU. 

The general characters observed in the platform at Te Falaoingo and Tutanga are continued on to 
Tengasu (Plate 4) and Teafoafou (Plate 5). 

Immediately to the south of Tutanga, and therefore between that and Tengasu, is a good boat channel ; 
south of this there is a gradual but marked reduction in the numlier, and especially in the size of the 
Poriff'K, Passing still further southwards, they continue to diminish both in number and size, till very 
many arc only about 2 feet in diameter, and less than that in height. They are, however, similarly 
situated in relation to the breccia. The effect of the reduced obstructions to strong westerly winds, 
caused by these modifications in the conditions, is shown in the character of the islets. There can 
scarcely be said to be any Hurricane Bank on either side of them, unless the belt of fragmental 
material can be so regarded. This, however, is not higher than the islet itself, the platform rising 
gradually to the highest level of the land, >vith but a slight step upwards where the loose fragmental 
material commences. On the lagoon side, the width of the platform varies considerably, though it 
Ijears some little relation to the form of that side of the island; while the sand fiats invade and 
cover a portion of the breccia floor on this side. The hardy Ngie trees stand in places well out from 
the island on the eroded breccia towards the ocean platform, with their roots firmly grasping the 
breccia floor, resisting every advance of the invading waters, and marking an earlier boundary of the 
now receding islet. They also serve to break the force of the waves and surf, and furnish a temporary 
shelter for loose fragments of coral that may chance to be driven landwards. The buffeting of the 
waves seems to increase rather than to reduce the vitality of this tree, till some unusual force — 
perhaps a large w^orn mass of breccia or coral driven by the waves — breaks it off short at the roots, 
when it is swept away. During high tides the billows roll up to and over some parts of the island 
of Teafoafou, making surface breaches, from which the vegetation hfis been in part or wholly removed ; 
the soil being reduced at nearly every such attack faster than it can be replaced. Then the higher 
vegetation, receiving insufficient support and nourishment, gradually sickens and dies, or is carried away, 
soil and all, by an unusually fierce gale. Thus it is being slowly divided into several parts, just as it has 
been separated from Tengasu. Near each end of Teafoafou it is flat-topped, with much pumice nearly 
covering small areas, on which vegetation grows more large and healthy. This, with the luxuriant 
vegetation of Tutanga, and of one part of Tengasu, bears evidence of what it probably was throughout, 
before the soil was subject to the incursions of the sea. A small area in the north end of Teafoafou, 
from which the material of this end of the islet had apparently been almost, if not quite, removed by the 
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action of the sea, has comparatively recently ]>een surrounded by a sand beach thrown back from the 
lagoon. {Vide Avalau.) 

The history of this corner of the atoll is nearly a lepetition of that observed from Tefalaoingo to this 
point. The present condition of these two islets, Tengasu and Teafoafou, though the latter is much 
larger in area, closely resembles that of Tefalaomgo (q.v,), with this difference, the ocean side of Teafoafou 
is not driven back to such an extent as at Tefalaoiiigo, so that the earlier ocean boundary is still seen in 
a less eroded breccia sheet, with its clusters of Ngie trees ; while the island itself is much wider than is 
that of Tefalaoingo, notwithstanding the less height of the Pontes bosses. 



AVALAU. 

This island (Plate 5) is plcivsant in appeariinco, its cocoanut and other trees attaining a height and vigour 
fiUly up to the average. Its surface is moderately level, standing somewhat higher above high water 
than Teafoafou, and is situated well back from the ocean bed of the platform. The present island hiis not 
been greatly disturbed by invasions from the sea, though on its oceiui side it has suffered in some degree. 
The sea rolls over the breccia, which has been eroded to a gentle slope from the ocean platform (0.3) to 
the beach, obstructed by only two or three low and narrow breccia scarps, and but few Pontfs blocks ; 
these not being nearly so large as was obseived further north. As a result, where the direction of the 
monsoons is at right angles to the l>each, the sea has scattered for a considerable disUmce into the islands 
whatever has been thrown up, so that it now exists as a wide but mild form of clinker field. Further 
south, along its west side, where the seas strike it obliquely, and can escape southwards, a normal 
Hurricane Bank begins to be developed, till at the south-west corner it becomes of moderate proportions. 
Along the southern end the Huniciuie Bank is steep, iirid the clinker field rugged. These also 
continue, till near its northern end, along the lagoon side, though in much reduced proportions, and 
it is then succeeded by a siind bank scarcely higher than the general level of the island, and projecting 
northwards. 

For a considerable portion of its northern surface, Avalau is foi-med of sand, Lifltoilutinnioii, and other 
tine fragmental material, presenting in its central portion a moderate area of level, o^kjii floor, with but 
few trees. Here, near the centre of the island, and in this material, is the native well, the sides of which 
exhibit a somewhat similar formation to that in which those at the main island have been made ; this 
well supplies — after rain — water used by the natives for drinking purposes when their other sources of 
supply fail But since the bottom of it, as like those of Fo;igafale, is nuich below high water level, 
the water disappears at every fall of the tide, and is forced back with the rise, thus being always 
more or less brackish. Around the area which is occupied by this finer material, is one in which more 
coral rubble, and some pumice, is intenningled, and here the trees are more niunerous, and thrive much 
better than they do in the Lithothniniuon material. 

Dividing this island from Teafoafou is a channel tlii'ough which the tidal waters flow till the tide is 
quite low. This channel bounds the noith point of the projecting tongue-like foraminiferal sand bank, 
which is 3 feet high above ihe phitform, and partly submerged at high water. The slope of this Ixmk 
was inclined, when we were there, at the angle of 33^ although it was not only submerged, but the 
outgoing tidal waters were flowing past it. This sand beach, and those at the north of Tutanga and 
Teafoafou, appear, from their direction and shape, to have been determined by the action of the waters of 
the lagoon when agitated by reason of high tides and strong winds from the south driving the sea across 
the reef between Motungia and Avalau. This produces a scour along the lagoon side of Avalau, 
Teafoafou, and Tutanga, and carries the finer material northwards, till it finds shelter at the northern 
end of each of these islands. Here it is deposited, and now forms extensions, which, however, the high 
westerly seas jieriodically disperse, much of it, no doubt, finding its way into the lagoon. 

The lagoon platform e;ist of this island is very much extended, beyond the ordinary width of lagoon 
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platform along the adjacent islands, by a wide sandstone deposit, passing in parts into a fine breccia, 
which overlies first the lagoon conglomerate (L.3), and then the ordinary reef breccia. The first- 
named of these appears to be somewhat unconformable to the second, and both are decidedly so to the 
third, and all again to the fourth ; the sandstone and fine breccia dip towards the N.E. at an angle 
of about 6^ the fine breccia resting on the sandstone, this on the conglomerate, and this- on the reef 
breccia. It is to be observed that the strike of the two upper deposits agrees approximately with a 
line drawn from the south end of Teafoafou to the next islands, Motungia and Nukusavalivali, but 
does not conform to the outline of this side of the present island nearest which its lower beds rest. 
It would appciir quite improbable and without support from similar phenomena observed in any part 
of the islands of this atoll, that these sandstones could be laid down as we now find them, with the 
scour iisual at this locality, which is at work at high tide during every strong S.E. wind, and is 
sufficient, as we have seen, to drive away all the finer loose material along this and the neighbouring 
islands, and to deflect it into the shelter of the north ends of each, where it is deposited as sand banks. 

The deposition of this newer sandstone, in my opinion, undoubtedly requires the shelter of some higher 
land on the reef south of it than the i^esent reef affords. This w^ould at once provide from its waste 
(1) the material of which the sandstone is formed; (2) an inclined bank along the direction of its strike 
on which it could repose, and (3) a protection from disturbing incursions from the sea, and so (4) the 
presence of calm waters which our observations on this atoll show to be essential to the laying down of 
recent sandstones. To the south of these sandstones the reef breccia and conglomerate are uncovered for 
a considerable distance, the sandstone having a})parently been removed. Before the south of the island 
is reached, a more or less sharp step occurs in the conglomerate and breccias, varying in height from 
2 feet 6 inches till it is lost. Its outline is roughly parallel, with a shallow depression commencing between 
this and the reef south of this island, and deepening as it extends westerly into the lagoon. This 
depression is now the channel to which gravitate the first waters which, at the rising of the tide, pass over 
the reef in its vicinity and that circumstance has doubtless contributed to its excavation. This, with the 
attacks from the sea during high tide and strong winds from the S.E., i.e., from the direction of the 
prevailing wind, and the scour so produced, will go far, when the outer contour of the reef is rememl>ered, 
to account both for the erosion of the depression, the partial removal of the sandstones, conglomerates, 
and l)reccias, and the creation of the stc}) or low clifi*. 

MOTUNGIE. 

Occupying the extreme south of the atoll, between Avalau and Motungie, is a wide and long reef, in 
width resembling that occupying the extreme north of the atoll. On its western portion, and near to 
Avalau, there is but a comparatively thin sheet of much eroded breccia, though here and there thicker 
portions occur ; still in a few places it is very much thicker. The Purifes masses have become less and 
le^s as we have approached this point, and have now all but ceiised to exist. Not far from midway 
between Avalau and Motungie some remnants of the breccia sheet attain a height of a foot above high 
water level. Sweeping round from Avalau seaward from these higher masses and on to Motungie, are 
low breccia sciirps, which indicate the site of successive boundaries from whence the breccia sheet has 
been eroded. In the same way the remaining high masses indicate the level which it must have reached, 
and has probably much exceeded. 

The highest of the long breccia scarps is far back on the platform, and is plainly one of the last outliers 
of the breccia sheet, having till now resisted the unceasing attacks of the waves, to which in other parts 
it hiis yielded. Behind or on the lagoon side of this outlier a clift* is formed, 6 feet high, and ending in 
a depression in the breccia, in which a pool of water remains at low tide. Behind this and l>eyoud the 
breccia covering the reef there lies a deposit of moderately coiirse rubble driven into the shallow waters 
of the lagoon. 
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In the thin covering of breccia, with its flatter inclu<le<l fragments lying almost horizontally or but 
slightly if at all inclined and that towards the sea, wc see the remains of the foundation of the island 
that provided the material for and sheltered the formation of the soft conglomerate, breccia and 
sandstone. The rubble bank indicates the destiny of the material forming the islands which we now see. 
This also shows clearly the effect on the deposition of all wave-shifted rubble on the reefs, wherever the 
obstruction is not sufficient to deflect the waves upwards, i.f., when their power is too great to allow 
the material to l)e piled up as Hurricane Bank, and they carry it onwards. Seeing that this corner is 
subject to attack from all the prevailing winds that blow, whether they aie from the S.E., W., or N.W., 
the great erosion of the reef breccia sheet here is not a matter for surpiise, and this with the absence of 
the supporting Poriffs is no doubt the cause why both it and land disappear at this corner. It should be 
observed that the fiuther one goes east on this reef, that is to where it can act at the exposed south-west 
comer as a breakwater from the heavy seas driven by the N.W. and W. gales, the less has the breccia 
sheet been eroded, till it becomes, under the additional shelter attbrded from attacks from the S.p]. by the 
reef near Nukusavalivali and by that island itself, the foundation for the islet of Motungie. This being 
so, the presence of an increasing thickness of reef breccia and also of the latter islet is due to the wider 
extent of shallow reef over which the breakers have to roll before reaching it, reducing theii* force and thus 
rendering it immime from the more severe attiicks. The breccia has therefoie been preserved from total 
erosion, and assists in turn, with the before-named protection of Nukusavalivali, to favour the deposition 
of a sand bank on that and Motungie (Plate 5). 

Motungie, "Island of the Ngie tree," is suitably named, as it is but a thicker mass of breccia than 
those we have just left, surrounded by the Ngie trees with a few small cocoanut trees which have l^een 
planted on the surface of the islet. Under their shelter and that of the long cross-reef island 
Nukusavalivali, the foraminiferal siind has found a lodgment, and now forms, at about 5 feet above high 
water, a surface of less than a quarter of an acre, sloping away on all sides to the breccia. To the west 
of it, and on a continuation of this ridge of breccia, a tongue of sand extends under shelter of this and 
the next island ; and on it I first found the most perfect TiiiO})orm hacalatns which I had up to then 
discovered on any part of the atoll. On almost all other parts the small spines surrounding the test of 
this species were usually more or less worn off*, but here the majority appeared almost jierfect, indicating 
that the source whence the recently dead forms came could not be far distant. Between this and the next 
island is an eroded channel through which the water flows into and from the lagoon when between 1 arid 2 
feet above the platform. 



NUKUSAVALIVALI.—" The sand (island) that goes the wrong way." 

The meaning of this name was variously rendered to me by the best interpreter on the island (from 
dictation by the King), as follows — " All same big fool island, he not know which way to go " — " he go 
wrong way." On this atoll the longitudinal axis of an island usually agrees more or less closely with that 
of the reef on which it stands ; but here ciuiously enough this order is reversed, and Nukusavalivali 
crosses the reef at approximately right angles. This peculiarity the natives had shrewdly observed and 
thought of sufficient interest to indicate by its name. Its apparently erratic position is, however, due to 
a very simple cause ; it is an island whose surface is composed variously of foraminiferal sand and fine 
and coarse fragmental material mingled in the upper part with pumice pebbles which in places are 
quite abundant. This rests on the eroded l)reccia sheet, which is thinner on the lagoon than on the ocean 
end, being here about its usual height ; that is, about 1 foot to 1 foot 6 inches above high water. The 
summit of this island at its ocean end is protected by a Hurricane Bank, succeeded by a narrow clinker 
field, and its cocoanut trees are healthy and flourishing. Its eastern side is being severely attacked, as 
during the season of S.E. winds at high tides and strong gales the sciis breaking over the wide breach now 
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existing east of it, impinge on this side and undermine the bank, which is made vertical for a height of 3 feet. 
Thus the trees fall on to the beach, with their matted roots forming a mass a yard or more in diameter, 
and enclosing from 6 to 1 2 inches in thickness of sand, pumice, bits of coral and breccia ; while the 
matted roots of the other vegetation of the surface in some places project as a shelf, till this also becomes 
too much undermined to hold together, and then they also break away. In that way this side of the 
island is being eroded all along and carried into the lagoon, thus determining the eastern outline of the island. 

Close to the west side of the island, and between it and Motungie, a channel has been eroded through 
which the tide commences to flow to the lagoon soon after it has covered the tidal platform, and that has 
determined the western outline. Its present length, therefore, simply indicates a portion of what was once 
its width before erosion by the waves had cut a channel on cither side of it, increased by the addition of 
the foraminiferal sand accumulation at its north or lagoon end. 

That this is so, is shown by the eroded long scarps previously mentioned in the base of what was the 
breccia sheet, which here and there roughly, but fairly, indicate its oceanward outline. These scarps, which 
sweep round from the south of Avalau in more or less of a curve, are continued by some further outliers 
to near the point of breccia south of this island, and then on to the island beyond (Motuloa), the only 
interruptions to this line being where the breccia curves in to form the boundary of the breaches and 
channels which are mentioned above. On the lagoon side also, if a concave curve be drawn to the lagoon 
side of the eastern three-quarters of Motuloa and extended to Motungie, that will pass quite close to the 
north end of this island ; this further suggests that there is nothing unusual or erratic in the circumstance 
of the longer axis of Nukusavalivali crossing the reef, as it merely indicates a portion of what its width 
has been at an earlier period. 

To the east of this island between it and Motuloa the wide breach before mentioned is actively corroding 
the l)ase of the still opposing breccia : through and over this the sea pours and rushes with the incoming 
tide, into a rather deep pool (which has probably been hollowed out by this force). It lies on the lagoon 
side of the breccia, but within the line of curve defining the northern boundary of Motungie, Nukusa- 
valivali and the major portion of Motuloa. Near the side of this pool and close to Nukusavalivali, in the 
breccia sheet, from which it has not been fully relieved, I observed one of the large mammilated corals, 
Mantipom (1 species) almost horizontally bedded and nearly as perfect as when it grew ; being markedly 
distinct, in this respect, from the ordinary included masses of broken and worn coral rubble and reef 
fragments. A few paces to the north of this occurs a coarse sandstone dipping north 10" east, at lO**, and 
undergoing erosion ; the strike of this sandstone would conform to the local curve of the atoll rim as is 
the case with the sandstones at Avalau. The existence of these sandstones indicates that conditions were 
once favourable for their deposition : such as (1) the former presence of an extension along the reef of the 
land now occupying positions on these rocks, and (2) a lagoon l)oundary of a form suitable for them to 
abut on, and agreeing with their observed present strike. 

The pool close by this has, I think, received its general form before the present breach occurred, and 
was probably in part at least filled again when the sandstones were laid down. These have all been 
excavated again by the inrush of waters, which would also have removed the strip of ^sandstone referred to, 
but that it has almost certainly been protected since the time of its deposition, till within no very distant 
time, by the overlying material similar to that composing the upper portion of the adjacent island. Then 
this super-imposed material was removed by the erosion proceeding along the east side similar to that 
which now brings down the trees of Nukusavalivali. At that time probably much of the erosion of breccia 
on the lagoon side of this and succeeding islands took place. The breccia has subsequently l>een covered 
over by the advance of the island material lagoonwards, as is shown by the obsers'ed northward extension 
of N\ikusavalivali. 
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MOTULOA, MOTUSANAPA AND TELELE. 

Leaving the island of Nukusavalivali, we at once commence the islands which have an easterly aspect. 
Their general appearance changes on this side. Though their foundations and materials are somewhat 
similar to those of the western side, the shape of the islands themselves, as also the contour and 
arrangements of the material forming them, have their own characteristics, and are sharply distinct from 
those on the western side. The most southerly of these islands is Motuloa, and this, with Motusanapa 
and Telele, forms a long stretch of about 1^ miles of the narrow and regular land often found on 
islets presenting their side to the S.E. trade-winds, with their resulting currents. This extends from 
the beach east of Nukusavfdivali to the S.E. corner of the atoll. Though for some purposes Motuloa 
and the other two islands (Plate 5) may be considered as a whole in matters that are common to each, 
any circumstances peculiar to one of them >nll be l>est considered under its own name. 

We will take first what is common to each. The land comprising these three islands is one of the 
most uniform and straight insular stretches of almost constant width to be found on the atoll. The 
material of which it is composed on its lagoon side is characteristic of most of its length, as is that 
also on the ocean side for more than its western half. It is also fairly well covered with fruitful 
cocoanut trees, between which ferns, creepers and shrubs thrive, particularly on the western portion 
of its surface where small areas of incipient solution exist. This is often the case on the eastern 
islands near the boiuidary between stretches of foraminiferal sand and fine and coarse coral and breccia 
rubble. Outside the solution areiis the roots of the trees l>ecome intertwined and matted together with 
the finer material and pumice ; while outside the island on the eroded breccia near the platform, 
where their roots are l)athed with every tide, "Ngie" {Pvmphis andula) trees thrive in several parts 
on the ocean side of the western half. For almost the entire length on the lagoon side, except at the 
east end, these " Ngie " trees, with another and larger species, occupy the sloping projections of half- 
erode<l breccia which form the peculiar crcnulated outline noticeable at this end of the atoll. Here the 
nearly eroded breccia reposes on the very wide lagoon platform and forms headlands and bays, both being 
submerged at high tide, all along this margin of these islands. Viewed from the lagoon side the 
siu^aces of these islands appear quite horizontal, and this is made more conspicuous by the matted roots 
in many places projecting slightly above the looser material below. The latter is sometimes supported 
by a small rubble bank resting against it, and at others the finer mateiial of which this side of the island 
above the breccia sheet consists, is exposed in a low undermined cliff alx)ut 2 feet 6 inches to 3 feet alx)ve 
high water. Generally a very small storm bank of a foot or so in height surmounts the shelf of matted 
roots which contains, in common with the general surface of these three islands, the drifted pumice 
pebbles now buried underneath it, so that it must have been thrown up since the arrival of the pumice. 
It also shows that the lagoon side of the island has been eroded and has consequently retreated since that 
time, and that this process still continues. 

The lagoon platform is of great width, often near a quarter of a mile all along these three islands. On 
slightly excavating at several places, IIeliojn)w acnilea was found, and appeared to form this platform, 
probably with Parites, Some areas of it are hidden by sand, and others by extensive thin sheets up to 
30 yards in diameter of a large bivalve, Clunmi imhicata, similar to those on the Heliopora cienden plat- 
forms near oiu* landing place on the main island, where the large patches of this lamellibranch completely 
hide the Heliopora ccvrulea ; so that only at places either where it has not been present or has since been 
removed, can the nature of the underlying rock be ascertained. On this platform also a very fine matted 
moss-like alga is remarkably abundant, forming wide areas in which occur numerous small bivalves 
{Cardium fragum). This species is so abundant in the sand beaches along these three islands as to give 
one at first sight the impression that it constitutes fully half of their material ; the bulk of that, 
however, consists of Tinnparus haaihtnu. 

The conspicuous feature of the ocean platform is the general uniformity of its width and its straightness 
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between the extreme ends of the islands. In width it is compurable to that of the ocean platform from 
the breccia sheet to its extreme ocean margin on the majority of those islands with an eastern aspect. In 
like manner between these limits its water-channels and general reef characters are similar. The corrosion 
zone corresponds with that of a normal corrosion zone until the east end of Telele is approached (p. 102). 
These three islands, like those which we have just seen on the S.AV. portion of the atoll, and more clearly 
like the other eastern islands, rest on a portion of the sheet on both the ocean and lagoon sides. On the 
lagoon side we have just seen its eroded thinne<l-out edges in the so-called " headlands " rising up to more 
or less near high- water Uvel, sometimes over, though occasionally much less. This breccia sheet again 
rests on the HeHopora platform (O.L.I). 

MOTULOA. 

At this island, after the corrosion zone, we find a slope more or less steep, extending from 10 to 
50 feet, in which the rise of the incline may vary from 1 up to 4 feet, and, where the incline is not great, 
cliffs occur reaching to the top of the breccia sheet, forming a series of buttresses, which are here also, as 
at other eastern islands, about 1 foot to 1 foot 6 inches abov^ high water. The top of this cliff is then 
generally clear of hurricane-lK)rne material for a short distance, varying from a foot to a few yards, after 
which the Hurricane Bank ])egins. This, along Motuloa, is nowhere very high, but in a few pla'^es it is 
from 5 to 6 feet above high water, though this is not more than 2 or 3 feet above the general surface of 
the island. The name signifies Long Island (Motu, island — Loa, long.) 

Near the western commencement of Motuloa, and adjoining the wide breach, the breccia sheet has, 
like that in the breach, been eroded nuich farther back than the general outer line of the mass along the 
ocean side to near Motusana[)a. Thus the island also has been eroded 1)ack for a considerable distance 
at and near the S.W. point, the trees and shrubs being undermined and falling on the breccia platform. 
Here the Hurricane Bank has altogether disappeared with its foundation. The breccia sheet also has in a 
few places been eroded back to nnich nearer the Hurricane Bank than at others, thus greatly reducing 
the defence, and foiTiiing a more or less concave outline. Here the sea has nuule a course for itself across 
the island ; at first only the high storm waves found a track among the trees, but this became more and 
more worn till a channel was formed. These breaches occur in all stages of development, and in nearly all 
directions ; some cut straight through the island, another appears to have met with some obstruction in 
its direct course, or has found an easier track, and has taken an oblique direction; while, near its 
eastern end, some obstruction (here, apparently, the trees) has prevented the formation of a sufficient 
direct outlet, and the stream has forced an additional one for itself along the centre of the island, which 
here is composed of the finer fragmental material to a lower depth than usual. The breach then takes a 
curve out into the lagoon through the nearest of the breaches at Motusanapa ; along this course the 
bank of sand and small shells is being eroded, and shrubs are falling. 

On examining these channels the breccia was seen to have been eroded or dissolved in some places 
below the original level of the sheet, and to have been sul)sequently levelled up with the general material of 
which the ocean side of the island was then composed. That contains no pumice, none of which was 
observed at the lower levels of the island mass. This was, I think, beyond doubt in these places caused 
by erosion from the lagoon side before the present material covered it (see Section I, Motuloa (Plate 5) 
as an example, and possibly also Section III). I am of opinion, however, that solution, which is still 
proceeding, though in a comparatively small way, in portions of this island, has, at an earlier period in 
its history, had also more or less to do with this ; since, apart from Hurricane Banks, accumulation is 
proceeding only at two sand banks on the lagoon side of the island, one near and at each end j in all 
other places it is undoubtedly lieing eroded. 
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MOTUSANAPA. 
This consists of a number of isolated portions of land, identical in character with that of the islan(}."bti 

m m 

either side of it, so far as it has not been disturbed by the several channels. The waters flowing through y ' 
these channels are eroding a course for themselves through the island mass ; in this way they have, with*. .-" 
attacks from the sea in specially rough weather, so cut up and separated the original land, that now -!, 
there is not one, but many, islets at high water. On these but little vegetation now exists, except 
" Ngie " {Ptniphu ncidula) trees and a few other shrubs and bushes, while, at the ebb and flow of the 
tides, the waters stream over the corrosion zone, and along by the masses of the breccia sheet which 
still remain and form the defence to the tiny islets behind them. To these masses of breccia, some of 
which are imiisually high, we may attribute the existence of these isolated remnants of land, which at no 
very distant date formed simply the central portion of that which was continuous from the west end of 
Motuloa to the east end of Telele, uniting them in one island, which then justified the title of Long Island. 
Belatively to other islands near by, Motuloa itself is by no means a long island, for it is much shorter 
than Telele, and not half as long as Funafala, but, if this union were complete, it would be the longest 
of the three. So I consider Motuloa to have been the name originally given to the whole island, the 
other two being either used to designate portions of its length (as is customary >vith the islanders), or 
later in date than their separation. In either case, if this island were named by the natives on their 
first becoming acquainted with its peculiarity (which I think prol)able), its separation must })e more 
modern than the first ancestor of the present inhabitants. Near the corrosion zone there are big bosses 
of the breccia sheet more or less united with it, sometimes rugged, and almost or quite vertical, or even, 
in parts of it, overhanging ; at others, more rarely, sloping away into the main breccia mass. This latter 
condition is particularly noticeable in the largest of these masses, which, indeed, is the largest and highest 
on any of the islands, being 20 feet x 12 feet x 10 feet above high water, and exhibiting above the 
breccia sheet a decided though rude stratification of its included broken and worn pieces of coral rubble, 
intermingled in its upper parts with more and more coral in the position of growth. This becomes 
more distinct (while sti-atification is lost) as its summit is approached. Many of the forms, being 
quite delicate, are broken, and the int^rspices filled in >vith fine and coarse coral debns, shells, sand, 
&c. The base of this mass is continuous with the bieccia sheet ; its landward side, when near the 
level of the general surface of the latter, slopes away to it without any distinct line or unconform- 
ability between the two. Crossing to the lagoon side a perceptible depression in the platform is 
noticed inside the breccia now undergoing active erosion, which is continued on to the lagoon platform 
for a considerable distance ; it is comparable in kind, but less in depth, with the pool or hole in which 
corals are growing close by the west end of Motuloa and east side of Nukusavalivali. 
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TELELE. 

Telele (Plate 5) is called from " te," the, " lele," the native name of Canliani fmginn. The shells of 
this mollusc occur in unusual numbers along the lagoon side of this island as at Motuloa ; nowhere else 
on this atoll except at the 8.E. end of Funafala are they at all conspicuously numerous among the sands 
and shells of the beach, while here it is oft^n white with them. On nearing the sand bank at the N.p], 
end they become proportionately less numerous, the sand composed of Tinopoms haculatus accumulating 
here and extending over the area of the island in this part on to the lagoon platform. This island on 
its lagoon side and in the centre, starting from Motusanapa, is similar in character to the adjacent 
islands for nearly two-thirds of its length, when it widens out considerably, and at its eastern end 
resembles in outline the bottom of a high-heeled boot, the toe diiected to the lagoon, the instep l>eing 
represented by the accumulated sand bank. It will l)e noticed that there are no headlands or bays 
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^^sible Whe/e'the sand ])ank is found, this apparently overlying the breccia. At the commencement of 
the 'Atc\ of the boot-like form is an outcrop of soft sandstone formed of similar material to that now 
lyin^-pVl the beach. It is being eroded, and its fragments jissist in increasing the similaiity between 
fctp.'Bandstone and beach, even if they do not cause it. Another similar outcrop is observed immediately 
'•.^ lagoonwards of the Hurricane Bank, just in front of the heel. Both these outcrops will be further 
.'- *•. •* discussed in describing the next island of Tefota. 

The eastern end extends in a level floor back to near the Hurricane Bank, where in places a normal 
clinker field occurs. This diminishes in width as the island narrows, but, with an occasional small 
solution area, it contiiuies more or less for nearly the whole length of the island back to its western end. 
On the ocean side the extreme western end, like that of Motuloa, has lost its Hurricane Bank, and is 
being eroded away, both these being adjacent to a wide breach. It is at this point sheltered behind the 
largest mass of coral breccia which is some yards distant. Between the two the breccia sheet is almost 
bare and imdergoing slow erosion, the waters impinging on this mass being thrown high in the air and 
driven by the S.E. winds on to the breccia behind it. Also on either side of it the seas, divided by 
this mass into more confined areas on the west and on the east sides, roll on the former through the 
nearest breach at Motusanapa, and on the latter on to the island and in an oblique and circuitous channel, 
finally draining over into the lagoon. The corrosion zone also narrows quickly from this point and 
ciu^ves inwards towards the lagoon. The Hurricane Bank, which commences immediately east of the 
oblique breach, rapidly inci'eascs in height, till it is 13 feet above high water opposite the next high 
boss of breccia, and within another 100 yards it attains a height for a short distance of 16 feet above 
high water. (See Plate 5, Section 2, Telele.) This height, which is not reached anywhere else on the 
atoll, would appear to be due to the coral debris having been cast up into a mass of scrub, lining the 
older and less high summit, which has retained this small material ; it certainly does occur in among 
the living and dead stems of such a scrub. Landwards is a steep declivity to a narrow incipient 
corrosion area at its foot, while on the outer slope of the Hurricane Bank, which is very steep just here, 
well-rolled pebbles make up most of its bulk. Below it there is the smooth worn breccia sheet, which 
becomes more rough as it approaches the corrosion zone, and then the O.L.I platform, which is of similar 
width to that at Motuloa. 

Continuing along this zone eastwards, other large masses, but of less height and size than at the west 
end of Telele, are met with on or near the corrosion area and outwards from the present breccia 
defence, which has been eroded back a considerable distance further than usual along this reef. The 
corrosion area is widened to just this extra distance, while the intensity of the wave-action over this 
area is apparent in the jagged corrosion hollows, many of which along here are the deepest and widest 
on the atoll. The wat^r appears to always lie in some of them 1 foot to 18 inches in depth, and below 
the surface of the platform itself, while they are both wide and long. On the beach behind them, for 
a corresponding distance near this east end, lie the breccia masses torn from this area ; they are found 
in sheets or cakes up to and over a yard square, by 9 to 18 inches in thickness. That they have come 
from these areas is indisputable ; here are the comparatively freshly-broken rough straightish edges of 
the breccia sheet, agreeing thoroughly in thickness and freshness of fracture with those on the beach. 
On their under side they exhibit fragments of UeUopora among other corals, similar to what one 
has seen on such masses at other islands. Many similar masses lie where they have been simply lifted 
and fractured but not removed ; others are turned over, others moved part of the way and lodged 
against a fixed unmoved mass or other obstacle, while all up the Hurricane Bank they lie more or less 
closely and thickly. This certainly is the most severely torn up breccia sheet I have seen, though there 
are other places on these eastern islands where it has been similarly though less intensely affected. 
Approaching the " heel " of the " boot-form " of this end, the rugged character of the breccia sheet 
increases and widens, but the corrosion hollows terminate a short distance before reaching the breaches 
Avhich separate Telele and TefoUi. Along the ** heel " the eroded l>reccia passes till it reaches a curve 
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continuous with the lagoon edge of most of the '* headlands " of breccia on the lagoon side. Just where 
the breccia ceases is a large block of PoiiteSf apparently in sUn, protruding through it. 

Begarding these three islands as a whole, we have seen in them a breccia defence all along the ocean 
side, but broken in places ; there a breach is forming or has formed through which the S.E. gales sweep 
over a portion of the island to the lagoon, carrying away the fragmental material of which it is largely 
composed, undermining the trees, creating channels or enlarging any already made, and eroding deep into 
the breccia sheet, so that these channels once made 1>ecome enlarged more and more. On its east end 
severe corrosion is taking place, removing the breccia sheet and corroding deeply into the floor of the 
reef itself. Thus denudation, solution, corrosion and violent erosion are combining to remove, on almost 
every hand, the material of the surface and every side of these three islands, except at the few relatively 
small areas indicated, where sand is accumulating and may for long so continue to do, until it may 
possibly form the nucleus of a sand island farther out on the lagoon platform, when these older present 
islands have been all removed except perhaps a thin mantle of the breccia sheet. 

Indeed, though to understand the history and destiny of the islands on this atoll every available piece 
of evidence obtainable is necessary, and even more would have been welcomed, yet these so\ithern reefs 
and islands appeared to me to supply the index or key to most of the islets on the atoll, especially since 
they exhibit some of the more intense phases of erosion and the manner in which it operates in nearly 
all its stages. 

TEFOTA. 

« 

Tefota (Plate 5) is a tiny islet situated on the south-east corner of the atoll. Its importance arises not 
from its size, but its position and relation to the larger land on either side. Its elevation is but about 3 feet 
6 inches above high water ; its surface iM composed of foraminiferal sand mingled with a little rubble and 
beach d^bria like that on the islands on either side of it. There is but little Hurricane Bank and that 
chiefly on its west side. There are no breccia buttresses or low cliffs to defend it from the encroachments 
of the waves. It rests upon the breccia sheet, which slopes away steeply to the canoe chainiel in the 
breach on the east side, and but gradually to the breach or channel on the west, and to the sea on 
the south, in which direction it is very rough and jagged. 

This island though so small and exposed wo\ild appear to be fairly stable and to have retained its 
surface material. It has probably contiiuied as a remnant of the land which at one time formed a single 
island. It must have remained as now for a very long time, for besides several cocoainit trees less 
than the usual height it has two quite tall ones. The erosion in the breach on the east side has been 
^considerable ; the canoe channel in it can l>e used till about half tide, and consequently admits of the 
passage of a large stream of water at ebb and flow. The west breach is shallower and is only covered 
as high water is approached. The fact that so large a surface of the breccia sheet on the platform 
and in the l)reaches at this corner is pirtly removed, afibrds a good opportunity to observe its com- 
position and general feat\ires. It is compo^jed of usually angular and flattish coral rubble lying at all 
angles, but generally conforming approximately to the horizontal, and I fancied inclined more to the sea 
than otherwise, the interstices being occupied by smaller fragments of coral and some sand. On the 
underside of some of the recently overturned large flat sheets or cakes of breccia near this island, smaller 
sized and less worn and fractured parts of coral were commonly found, many of which were observed 
to bo HeUo])ora, 

Among this breccia was one very large and a few smaller corals of the strong form of Montipitm 
species, apparently embedded in the breccia as it grew, having been but very slightly injured by con- 
tact with the drift coral of the breccia sheet, which appears to have grown during the deposition of 
that sheet, then to have been covered over by it, and at last to have been again exposed by the recent 
removal of its upper part. I had occasionally seen coral in a similar position which struck me as l>eing 
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in dtUy but that seen at Nukusavalivali and the much larger specimen here make this still more evident. 
A few PorUes are seen above the worn or eroded breccia sheet. This sheet has apparently been 
continuous from Telele to Funafara, as it still is at the similar easternmost corner of Fongafale (the 
principal village on Funafuti), each of which angles have many striking resemblances to each other.* 

Here the breccia sheet has ]>een broken through ; there it hjis become very narrow and will probably 
be also breached at no very distant date. At Fongafale, again, a soft sandstone covers a considerable 
area inside the Hurricane Bank at the swamp; at Tefota there are several beds of soft sandstone in 
a curve, so that the parts now remaining on the west breach form portions of a basin of sandstone 
dipping from every side to its centre, lying inside the remains of the breccia sheet and now being 
more or less eroded. There is also a small outcrop of incipient sandstone on the east side of this 
channel not far from the entrance to the tiny bay there, also dipping to the passage and )mng eroded. 
The two sand points on either of the inner ends of this shallow passage are extending lagoonwards, 
but the east side is undoubtedly being eroded, as is proved by the low undermined cliff without a 
storm bank of any kind whatever ; with the cocoanut trees falling and the matted roots projecting 
as they grew ])efore the ])reach occurred. This has been a portion of land very similar — apart from 
its size — to that at the main village, and is now being slowly removed by erosion, accelerated by 
the breach or passages here. 

As the lagoon near this islet of Tefota is very narrow, it has silted up much more rapidly here 
than at the main island. There a swamp exists inside the Hurricane Bank ; here there is little doubt 
that the inner part of this wide breach cand the site of the soft sandstones and present tiny bay to 
the north were not very long ago so occupied, and the present swamp extending from the tiny bay 
along the inside of the Hurricane Bank is but a northward extension of this swamp to the island of 
Funafara. 

Bounding the northern side of the breach eastwards of Tefota there is a Hiu*ricane Bank which 
looks much like a deflection of that which bounds the ocean side of Fimafara, once continuing across 
the breach to Tefota but now driven back, like a gate pushed open. There can I think be no doubt 
but that this is practically what has happened ; first a breach has been formed through the old 
Hurricane Bank, then erosion of the breccia has followed, and some of this removed material has been 
driven in and piled up to a small extent along this side of the channel which, as it widened, rolled 
back the Hurricane Bank, adding more to it and increasing its height and bulk up to the present time. 



FUNAFARA. 

This island (Plate 5) is now the largest on this end of the atoll and the second largest of all. It is 
formed at its southern end by a wide area of flat sandy land which continues to the northern end, though 
of reduced width and with an admixture in varpng proportions of coral fragments. Near the south 
end of this island is the site of the village of Funafara, next in importance to Fongafele. 

At the widest portion of its south end the breccia sheet does not extend through to the lagoon side, 
being undoubtedly masked by the sand accumulation there, which near the point is unmistakable. As the 
island narrows, the eroded breccia is exposed in places, and sometimes forms the crenulated outline, as it 
does northwards of the village where, for about one-third of the length of the island, it extends in a series of 
thin sloping tongue-like projections similar to those on Telele, between which are sometimes a little beach 
sand and debris. North of this the breccia maintains a moderately even line till towards the end, when it 
is observed to be overlain by the newer breccia. 



* Thus at both, the lagoon platform is very wide — uncommonly so; at both, the breccia sheet has extended 
quite round the corner ; at both, silting up has taken place in the lagoon, while extensive sand accumulations 
have greatly extended the island lagoonwards. 
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interest. The thin sheet of the newer l)re<?cia covering ^he partially eroded surface of the breccia shoet in 
some places on the lagoon side which was noted near the northern end of Funafara, is also present on the 
same side of this island. 

LUAMOTU. 

The breach between Mafola and Luamotu (Plate 6) is much wider than that between the former and 
Fimafara. At two points this is being eroded to a greater depth than at the other parts, forming 
channels. Corrosion occurs a little before Luamotu is reached and continues for some distance along its 
ocean side. A decided variation in the width of the outer platform may be observed along this island, 
otherwise it is in some respects similar in its outer zones to that at Funafara ; though the corrosion zone is 
wider, and very irregular and rugged. At the Hurricane Bank a peculiar crenulated outline occurs 
simulating somewhat the "headland and bay " outline iii the breccia and at the southern part of Funafara, 
with the difference that this occurs in the Hurricane Bank above the breccia sheet, while that is in the 
breccia sheet itself. No doubt this is caused hy the greater or lesser obstnictions to the wave action 
offered by the breccia, but it indicates that the waves are gaining more and more on the island mass, which 
will in time result in another breach, thus probably creating another tiny islet ; this increase in number of 
islets through dissection of larger islets, being a prelude to their complete removal. 

The clinker field at this island is often very slightly developed and sometimes scarcely distinguishable from 
lagoon-formed dSris, though at other places it is of normal character and even quite rugged. There is quite 
a noticeable Hurricane Bank or storm bank along parts of the lagoon side of the island, which considering 
the narrow limits of the lagoon is remarkable. More remarkable, however, is the extended line of almost 
level straight brecciii sheet, forming a cliff, for nearly the whole length of this island, as well as a bare 
upper siuiacc from which the island material has ]>een removed for some 30 yards wide for a similar 
length. 

This island is nearly the same distance from the western reef (over which the waters roll in rough 
weather) as those on either side of it. Its chief difference consists in its direction, which is at right 
angles to, and so meets, the N.W. monsoons. The waves at high tide leap the western reefs, and 
are driven through with reduced force on to the broadside of this island, while they roll somewhat 
obliquely along those on either side of it. Hence they are not in the latter case so destructive as at the 
island of Luamotu. At only a very few spots does the lagoon side of any of the islands lie at the 
same angle of direction ; but at each place erosion is unusually active for the lagoon side. 



MATEIKA. 

The breiich between this (Plate 6) and Luamotu is marked by a more advanced stage of erosion 
than those of the two last. At two places the channels are being eroded deeper than usual, the most 
northern of these being also much deeper ; it is at its deepest part not much alx)ve low water ; this occurs, 
it should be noted, at the angle of the convexity of outline on the lagoon side caused by the difference in 
direction of the two islands. On the ocean side of Mateika the rugged nature of the corrosion zone of 
the last island is in parts repeated. One or two very large Woeks of coral breccia, apparently in sitVy 
occur in this zone. On the outer edge of this platform, and to some extent that of the last island, the 
living Litliolhamnion zone (O.L.IO) is much higher than usual, forming quite a lake between it and the 
corrosion zone, with the li\nng LithotJwrnnion zone (O.L.IO) still well elevated above the surface of the 
water so enclosed. The Hurricane }>ank on this island in some parts attains a greater height than at the 
Lust island, being 8 feet above high water, while on the lagoon side also it sometimes approaches near to 
that height. The southern piirt of the lagoon l>each is strewn with breccia and old coral blocks up to 
18 inches in diameter, while alK)ut midway along it numerous larger blocks of breccia from the sheet 



DESCRIPTION OF SMALL ISLA^^)S OF THE ATOLL. 107 

of that material occur, causing the platform near the breccia and the beach to resemble closely in general 
character and appearance some of the less rough of the ocean beaches. 

The middle portion of the island, however, is convex in outline on this side ; here erosion has been 
much less severe, and so the island is correspondingly wider, the Hiu-ricane Bank scarcely exists, and what 
there is, is more sandy. As the northern end of the island is approached, the erosion has again been 
active, the Hurricane Bank reappears though less in height, and the beach is formed of pebbles, which 
are swept up and down it, with great force even in moderate weather, by the back-wash caused by the 
adjacent channel which separates this island from that of Falefatu. By that action this end of the lagoon 
side of the island has been worn back, so that it has l^ecome very narrow. Near it a very large block, 
8 feet by 7 feet by 4 feet, of single coral of the species allied to GoniaMrcea favutella occurs in situ projecting 
through the beach above high water. This is the first deep or wide passage that we have passed in our 
journey round the islets since that of Fuagea on the western reef of the atoll. 



FALEFATU. 

This island (Plate 7) occupies a unique position on this atoll, situated as it is between two of the chief 
passages — that of Mateika and Te Bua-Bua (the former being the widest of any on the atoll, i,e,y l\ miles) — 
both of which are sufficiently deep to give safe passage to ships entering the lagoon, and are the two greatest 
passages for the waters of the lagoon to enter and escape with every rise and fall of the tides. The shape 
of its breccia sheet, though a considerable distance back from the edge of the reef, yet strikingly conforms 
to it. It would appear to be also regulated largely by the direction of the chief winds and currents. 
This island is one of a few where the effect of their force in first forming, and then removing, under 
changed conditions, the ])reccia sheet as well as the island upon it, may be best studied. The maps will 
show that the distance of the breccia sheet from the outer edge is increased wherever it crosses the direct 
line of the general direction of the winds and currents, and is diminished wherever this strikes the outline 
of the island in an oblique direction. The existence of the island itself in this position is probably due 
to a considerable projection ocean wards of the 4 and 100 fathom lines of submarine reef, which presents 
at this place a keel-like outline the result of which, as the waters strike and divide on it and so lose some 
of their force, is a great width of reef rim or platform. 

Similar submarine projections ocean wards would appear to favour the development and continuance of 
islands in the areas sheltered behind such projections, inasmuch as at each position where these conditions 
obtain, even though they may appear to be the most exposed, there are yet found considerable widths of 
upper reef rim and islets, as at Fuafatu, Tefota, Falefatu and even at Fongafale. I may add that in this 
position there is little doubt that this island would not have remained till now, but for the submarine 
projection, which favours the formation of breaches and passages. 

Falefatu consists of a sheet of breccia of very irregular outline lying on a base of tidal reef or 
platform, which appears nearly all around the island. It is in a more or less eroded condition, except 
at the central portion of the concave lagoon side, where pebbles and foraminiferal sand have accumulated 
and now obscure the breccia sheet for about half the length of this side. Here there is a considerable 
forward wash which throws up the sand and shingle in a steep bank, while the roar caused by the 
rushing forward and backward of the pebbles of coral and coral breccia, especially near the northern 
end where the island is narrow, was so great at three-quarter tide, with but a moderate breeze, that 
one could scarcely hear one's own voice. Extensive erosion has taken place on the ocean side as 
indicated by the remnants of breccia still existing on the tidal platform. This has been so far invaded 
that the island near its centre is almost severed, there being but a few paces connecting the north 
and south ends together. Very little Hurricane Bank or coarse material exists anywhere as the southern 
end is appr6ached. 

This, the widest portion of the island, is composed chiefly of sand and finer material ; no approach 
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to a solution area was observable. On the northern half, however, the island is composed almost 
exclusively of breccia and rubble from it formed into Hurricane Banks; that on the ocean side rises 
precipitously to the height of 7 feet above high water, and terminates in a sharp peak-like ridge, while 
the descent to the centre of the usual position of the clinker field is much more steep than usual. 
Then, rising to a less height towards the lagoon, this also consists of rubble, though of somewhat less 
size than on the other side of the central depression or solution area, which is discontinuous at this 
end for about one third of the island's length. At the northern end the eroded breccia extends for a 
considerable distance beyond the point of land above high water, diminishing in thickness the greater 
the distance from the present end of the island till it almost blends with the tidal platform. Near 
the point of the island, removal of breccia above high water has been comparatively recent and the 
island has been to that extent shortened; a continuance of this shortening seems imminent, as the 
breccia is being more and more eroded and removed, while the rubble, i.e., the Hurricane Bank upon it, is 
being removed slightly in advance of the breccia. 

The conspicuous features in the history of this island would appear to be : — 

1st. The general erosion of the breccia at its S.E. corner, and the strong "bay and point" like outline 
formed by it. 

2nd. The extension of the southern end towards the lagoon. 

3rd. The concave outline of the lagoon side caused by the extension lagoonwards last named, and also 
the facilities which the outline offers for the reception and retention of sand and shingle accumulations, 

4th. The proba])le speedy division of the island into two. 

5th. The retreat of the northern end of the island. 

Thus erosion and corrosion arc proceeding around the island for about two-thirds of the distance of 
its outline, and accumulation of sand and shingle for the remaining one-third, some of which is on the 
S.E. corner of the island, where sand forms the point and also the greatest part of the beach, but the 
chief part of the accumulation is on the concave lagoon side. 

The development of this island has been similar to those already described, while it appears probable 
that dissolution of the breccia sheet will continue, though more or less slowly in proportion to its 
distance from the outer edge of the reef, the presence or otherwise of projecting breccia not yet 
removed, the form of the submarine contour, the angle at which the chief winds and currents cause 
the waves to strike the island's outline, the strength of the force with which they strike, and similar 
modifying influences. When this is gone or nearly so, the finer loose material of the island will not long 
survive strong attacks. 

FUNAMANU. 

Funamanu (Plate 7) is separated from Falefatu by the Bua-Biia passage, which is 1 mile wide and that most 
frequented by trading vessels. It is situated near the southern end of the reef on which further north 
stands the main island, and here commences the longest stretch of reef, awash at low tide, on this atoll, 
as it is continuous for over 16 miles. On the long point of reef beyond the end of the island, numerous 
pieces of breccia and coral nibble are strewn about, while the corroded remains of the breccia sheet cover 
the tidal platform for many yards before the end of the island is reached. Within a few yards of this 
stands the large dome-shaped white beacon. This island conforms closely to the shape of the tidal 
platform upon which it stands, except at its northern end where its point recedes from the outer reef 
edge considerably. The base of the island resting on the tidal platform consists first of the breccia sheet 
which can be observed all along the beach on the ocean side, and for some distance at each end of the 
island on the lagoon side, while it can also be traced along the lagoon beach. There are in situ on the 
southern half of the lagoon platform two large upstanding bosses of the coral Pontes covered by about 
2 feet of water at high tides, while on its northern portion a small stunted living specimen of HelioparOy 
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8 inches by 7 inches by 6 inches, was obtained in a shallow pool which allowed sufficient water to cover 
it at low tide. The central part of the lagoon beach is occupied in part by recent gravel and shingle 
from the breccia with fragments of coral. The Hurncane Banks surmount the breccia sheet, and for 
most of its length incline sharply from it to a central depressed area in which are small spaces where 
Bolution is taking place. The general surface of the middle of the island is composed of fragments of 
breccia and coral with but little sand, though large masses of coral breccia exist in parts of its southern 
half which is undergoing solution. These occur as rugged masses, between which pits and caverns are 
formed and forming ; they afford a suitable home for the large Puka-Vai trees {CalnpJujJlum iiiophjllum) 
growing here. These trees give shelter to large numbers of birds, as do the Fetau trees at Amatuku. 

On the ocean beach occur several outliers of breccia, often well out from the Hurricane Bank .and 
above the general surface of the breccia sheet, some containing in their upper parts small corals in the 
position of growth filled in with smaller fragments cementing all together. Their lower parts often 
exhibit worn blocks of cojir.^e coral with a suggestion of almost horizontal stratification. These breccia 
masses are really the most ocean ward pirt of the breccia sheet, which extends to and across the island, 
but is now corroded and worn by the waves till only the low pinnacles and these larger isolated masses 
remain to mark the original boundary. Behind these outposts at the Hurricane Bank the breccia sheet 
is nearly obscured by the drifted dekris forming the bank, but it still continues far into and at both 
ends at least quite across the island. Near the southern end, on the lagoon si:le, occur beds of a finer 
breccia with a distinct dip, north 40^ east, at 10** reposing on the platform (O.L.I). The southern end of 
the ocean platform is of a rusty brown hue from the presence of an alga which covers almost everything 
from near low water almost up to the beach line. 

• 

FUNANGONGA. 

The platform between the last island and this (Plate 8) is much constricted, but widens again as it 
approaches. Though subject to some variation it maintains on the whole about the average width on the 
ocean side of the island, and is fairly regular on the Lagoon side. A striking feature of the rough zone 
on the ocean side is the very irregular outline of the breccia sheet, which like the southern part of Funafara 
presents a rampart-like outline with projecting buttresses and short sloping beaches between them, 
appearing at high tide as a headland and bay outline. These headlands or buttresses are sometimes con- 
tinuous with the breccia sheet behind them and under the Hurricane Bank on into the island. This 
breccia sheet is also seen at each end of the island to extend quite across and on to the lagoon platform 
where it forms the base of the island for some distance, itself resting on the platform O.L.I. Over the 
corroded zone, which is also a portion of the same breccia sheet, the waves sweep at half tide and onwards, 
nishing up between the buttresses and carrying quantities of coral and breccia fragments, which thus become 
worn and rounded. Here the bulk of this beach dehrk consisted of fragments up to 8 inches long, of two 
species of coral, both of which retained the bright fresh colours and ])loom-like surface common to them 
during, and for a comparatively short period after life. This shows them to be in a living and flourishing 
condition, near by and almost certainly, therefore, on the ocean reef beyond. They are IMiopwa and 
the yellow MiUepora, The fragments of the former included robust specimens, many of which were gathered 
and some brought away ; the blue of the Jhliopm-a and the bright yellow of the MiUrpom were striking for 
their clearness. 

The erosion caused by the attrition of this material has smoothed the breccia in places and is wearing 
away the inner sides of the buttresses, some of which are quite severed from the main breccia sheet and 
stand alone as outliers. When they arc higher, as is sometimes the case, they apj)ear at first in their 
isolated position to have no connection with the main mass, but here, as at a few other places, their 
relationship is in part disclosed. On the upper portion of some of them corals are seen in the position of 
growth, with the spaces between them filled in with coral fragments and dthrif^ and all cemented together. 
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A third and last stage of these big coral masses is to be seen in some cases where the undermining by borers 
has continued until the base has become so small that it is too weak to support the superincumbent mass. 
They have, therefore, been broken otf from their base by heavy seas, and are now to be found as large free 
masses in various positions on the beach or some way up the Hurricane Bank. It has not often happened 
that one has observed unequivocal evidences of the existence of the newer breccia L.2.B. on the ocean side, 
but here for a short distance along the low breccia cliff on that side it does occur, containing blocks of 
the older breccia cemented together in the mass, and lying imconformably on the O.2.E. It is now, 
however, being eroded, and worn back to the general cliff-line in common with the older or main breccia sheet. 

Several cocoanut and pandanus trees are lying down the ocean slope of the Hurricane Bank, the drifting 
back of this farther on to the island having removed the material surrounding their roots. On its inner 
side a wide area is occupied as a clinker field, made up in some parts of larger and smaller coral blocks, 
while in parts dee}) pits and caverns occur between jagged and clinkery coral and breccia, where solution 
is often found to be in active progress. The width of Fiuiangonga is considerably more than of any othei 
island on the southern part of the atoll. 

On the lagoon side between the breccia of either end the beach is made up of foraminiferal sand, chiefly 
Tinoponis bacuIatuSy with a small admixture of the usual beach ddbris (L.9.B.) rising to the vegetation line 
or a little beyond, and then gently sloping to near the centre or to where it meets the solution areas or the 
coarser material. Nearing the centre of the island is similar material, but older and covered by vegetation, 
the height of which indicates the inner part to be the older, while more coral fragments appear on the 
surface as the clinker field is approached. 

FATATO. 

This island (Plate 8), like the last, is joined at either end to the next one by a long narrow strip of reef 
which does not equal the normal width of the ocean platform outside the pinnacles together with even a very 
narrow lagoon platform. Thus, probably, it has never been, except near each island, the site of a breccia 
sheet or the usual island, but has remained from the first as a reef not much above low water, with little 
more than loose blocks and d(il/ris upon it. The width and character respectively of both the ocean and 
lagoon platforms are remarkably constant around Fatato. The usual pinnacles and rough zone 
extend in a line distant some 30 yards outwards from the low cliffs. Within this is the rough zone 
(0.2. B.), then the worn or smooth zone (O.2.C.), and then O.2.D. or low cliffs of the breccia sheet. In 
this O.2.D., near the southern end, patches of L.2.B. or breccia more recent than the usual breccia sheet 
occur as at Funangonga, and like it enclosing masses of the older breccia inclining at an angle of about 
20" towards the platform. The differences in dip between it and the older breccia sheet, together with 
its encircling slabs of the older breccia, assist one in readily recognising its presence. It is here also 
undergoing erosion, and no deposit now forming in this position corresponds to it, for it more closely 
resembles the material constituting the Hurricane Bank on the top of the breccia sheet, excepting that 
a conglomerate sometimes underlies this newer breccia (L.2.B.).* There are several big and high blocks 
of breccia along this Hurricane Bank, while some of those that appear to be in situ and still united to 
the breccia sheet are very high and correspond in elevation to some of the high breccia masses that usually 
appear as outliers, showing the relationship of these and all outliers. The Hurricane Bank is here in 
places unusually high, but as it slopes inwards to the centre of the island, it is seen to be composed of 
smaller and much less rugged material than that of the clinker field of the two islands south of this, and 
solution pits were rarely seen. 

Fatato on its lagoon side closely simulates Funangonga, as at either end the breccia sheet passes across 

* The symbol L.2.B. indicates it to be a lagoon production, but while probably agreeing with the age 
of the lagoon-formed breccia, this has, no doubt, been formed on the ocean side. 
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from side to side and contiuues for comparable dist^inccs along each island, the southern end exposing 
in both eases much the longest stretch of breccia, while the space between these breccia outcrops is 
similarly occupied by foraminiferal sand and dtibris which also extends inland to the clinker field, 
alternating with this near the junction of the two. Large pebbles up to 18 inches in length occur, however, 
on the lagoon Hurricane Bank resting on the worn breccia sheet, while on the northern end is an abnormal 
accumulation of foraminiferal sand, chiefly formed of Tinoparus baculatm, reaching the height, unusual 
on this atoll for a sand accumulation, of 13 feet above high water, which height it maintained nearly across 
this narrow end of the island. This is only exceeded in the single instance of the high rubble Hurricane 
Bank occurring at the southern islet of Tel el e for a short distance. 

Near this end, the older sand bank, where it is being covered hy matted roots, is being undermined 
by wave action, so that a small vertical section, 3 feet 6 inches to 4 feet in height, is formed with the 
matted roots, holding together 6 to 8 inches of the surface sand and debris and projecting several inches 
beyond the almost vertical sand cliff. It does not, however, follow that the sand removed in forming 
this cliff is entirely lost to the island, as pro])ably most of it is drifted back on to the sheltered wide 
beach again and driven higher and higher, first by water and then by wind, some of it possibly even 
to the highest ridge, which is well protected oceanwards from general wave action by the rubble 
Hurricane Bank. 
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NOTES EXPLANATORY OF LETTERING (OTHER THAN THE SYMBOLS 

IN THE INDEX) ON THE GEOLOGICAL MAPS. 

By G. Sweet, F.G.S. 

FUAGEA (Platk 3). 

A. Several projecting bosses of upstanding rocks are seen here ; all those which coiild be tested were 
found (except in the case of a few breccia pinnacles) to be Poriten. 

B. Pontes block in situ, 7 feet by 4 feet 6 inches by 4 feet high ; its top level with high water ; lies 
close up to the base of the sand beach. 

C. Perceptible increase of the admixture of nuUipore on this side compared with the south end of the 
lagoon side. 

D. Several cocoanut, pandanus and other trees are being undermined and falling here. 

E. XalUpore sandstone dipping 9^ E., composed of practically the same material as the present beach 
just here, and now undergoing erosion. 

F. The material composing this island is made up chiefly of foraminiferal sand, in which Tinoponis 
handatus predominates with small fragments of nullipores, some being llalimcda. The top is undulating, 
especially on the ocean side. 

G. Very few worn coral fragments and but very little breccia. 

TEFALA (Plate 4). 

A. These Pontes bosses are apparently in situ, 

B. This island, like Fuagea, is formed of sand and fragmental. It is essentially a Sand island which 
has shifted lagoonwards, as shown by the dip and nature of the sandstone. 

C. Sandstones cover over the breccia and Pontes^ both showing through in places. 

D. Poiites in great numbers about here, 1 foot 6 inches to 3 feet above platform, piercing the breccia. 
These are somewhat like those at Falaoingo but are not quite so large. 

E. Small fragments of new coral fibundant here. 

F. No breccia or rarely any, and but few small pieces of old, but numerous pieces of new coral up to 
3 inches and over. 

FALAOINGO (Pl.vte 4). 

A. But little Heliopm-a seen here in breccia. 

B. Big bosses of Pontes here in situ up to 3 to 4 feet above high water. 

C. The water had floated a cocoiinut here, which had grown 18 inches in height and 15 inchc6 of root 
since I was first here (two months previously). 

D. Much drifted pumice up to 8 inches by C inches. Few and small cocoanut trees. 

E. Pontes piercing the breccia. 

F. Channel at high tide. 
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6. PaiHiea in situ, very much bored by various old manne organisms in some blocks, now about high- 
water level. 

H. Large bosses of Poiites in sifv, nearly close together all along here, showing reverse cone-like 
structures in side fractures. 

TUTANGA (PijlTE 4). 

A. Sand and drl/iis filling in between the rorites tops and forming a beach, which at its highest ix)int 
is above them. 

B. Fragmental and small rubble beach from these two points. 

C. Small bank of fragmental and rubble as on outer beach, fonning an almost complete loop. 

D. Shallow boat passage out hei'e. 

E. Small boat channel through which the ebb tide at the time of survey was running 2i miles per 
hour. 

F. Numerous large bosses of Pwiku all a1)out here, most of which can Ijc recognised as being in sifu, 
and standing from 1 to 4 feet above high water. 

G. This area is largely occupied by bosses of J\n'iie.< 2 to 3 feet above high water, and blocks of 
breccia, the latter both fixed and broken ; all undergoing solution and covered with mosses, while below 
and between them are holes, pits, and caverns, in the deepest of which water is found at high tide, and 
among which thrive dense masses of ferns and scrubs ; while towering over all, and higher than on any 
other island on this corner of the atoll, are the t^U cocoanut trees. 



TilNGASU (PiATE 4). 

A. Abundant bosses of Poritts in intu as at Tutaga. 

B. Pontes appearing through the sand of the island. 

C. Bosses of Pontes appeiU'ing through the breccia. 

D. Breach through here at high tide during rough weather and westerl}' winds. 



TEAFOAFOU (Pijvtk 5). 

A. Very little storm l>each here. The solid breccia is but thinly covered in places by rubble. 

B. Occasional scanty rubble and shingle beach here. 

C. No beach here. 

D. SUght beach of rubble and shingle. 
£. Ngie bushes along here. 

F. Channel at half tide ; tailing out l)Oth ways and very narrow between the two sandbanks. 

G. Small shifted pieces of breccia mingled with a little foraminiferal sand form the beach on this side 
of the channel. 

H. The surface of this end of the island is almost flat, in places freely l^estrewn with pumice, which in 
some parts where the soil has been partially removed almost covers small areas. 

J. The masses of Porites are much less abundant here. 

K. Sandbank newly thrown up on old platform and enclosing a iK)rtion of the platform. 

L. A gently-rising platform of breccia and coral bosses. 

M. Ngie trees chiefly, all round this sea side of island and along the beaches ; only a comparatively 
few good cocoanut trees. Apparently the sea sometimes sweeps over a large part of this island, so that 
there is rarely more than a sign of beach. 

Q 
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N. Much of the Pmiies here is relatively smaller and lower compared with those usually seen a little 
north of this, as though from arrested growth. 

AVALAU (Plate 5). 

A. Tops of Poritf's appear through the surface of the breccia. 

B. Only the denuded stumps of Pontes seen about here. 

C. The breccia rampart is reduced to very low cliffs or pinnacles or scarps. 

D. Denuded stumps of Porifes. 

Yj. Somewhat soft coarse sandstone in parts, giving place to fine breccia. 

F. An a])rupt step of 2 feet 6 inches in breccia occurs here, which gradually disappears. 

G. Native well in sandy soil intermixed with gravel and shingle somewhat similar to that round the 
native wells of Fongafale. 

H. Very little except breccia and coral rubble, up to 12 inches by 9 inches by 6 inches. 

J. Poritfs seen in a few places, especially along the beach. 

K. Channel eroded in l)reccia. 

L. Breccia composed of sharp angular hlocks with a fine-grained cementing materi.il. 

MOTUNGIE AND NUKUSAVALIVALI (Piate 5). 

A. The sand along these two north ])eaches yields the most perfect Tinojm'iis harulatus seen anywhere 
in quantity on the atoll. 

B. At this place there is an area of newly deposited large and small sized coral rubble, all loosely 
disposed, and with a general Init irregular bedding, like the breccia itself, which it closely simulates ; it 
lies under water, behind the breccia cap, and sheltered by it. 

C. Cocoanut and pandanus trees falling here. 

D. Coarse sandstone, ^ 10'^ N. 

E. Monfipora is again seen among the breccia, right side up, almost as perfect as when it grew, but 
slightly weathered, imbedded in and partly covered by the eroding breccia, and apparently in situ. 

F. Alternately fine rubble and coarse and foraminiferal sand. 

G. Coarse breccia. 

H. Pool with patches of growing coral. 

J. Some of the breccia sheet appears to dip seawards 



MOTULOA (PiATE 5), 

A. Matted roots being undermined; shrubs and trees falling. 

B. Projections of breccia covered with " Ngie " trees. 

C. Storm breach. 

D. Pumice scattered about in parts over surface, thick in places, and matted with the roots. 

E. Coarse siind and gravel, only a few large stones. 

F. Immense numbers of the small bivalve Cnrdium fragum here. 

G. Much of this island is covered over with fragments of pumice, and, in other places, swept over by 
the south-east gales, which have made and are making ])reaches right across, wherever the breccia defence 
is nearly or quite eroded. 

H. Breccia defence is nearly eroded here. 
J. Breach through, between the trees. 
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K. Breccia defence eroded in places, and here breaches exist or are commencing. 

L. Channel through at high water and rough weather, over breccia which is being eroded. 

M. Foraminiferal sand point. 

N. Breach here. 

O. Some small-sized coral rubl)le al^oiit the top, occasionally, when in considerable quantity and deep, 
imdergoing solution. 

P. Sand on the beach covering the worn breccia below. 

Q. All along these brefiches erosion is in active operation. 

R. No distinct beach. 

S. Loose breccia blocks torn up from the breccia sheet and platform, and driven shorewards. 

MOTUSANAPA (Pi^te 5). 

A. Several big bosses of breccia, one 7 feet above high water, with smaller broken fragments of coral on 
its upper part. 

B. The erosion in these breaches is very marked, and actively proceeding. 

TELELE (Plate 5). 

A. Big boss of breccia, 20 feet by 12 feet by 10 feet, above high water, capped by many kinds of fine 
and thick corals, appiirently in W///, but with more or less weathered and broken tops, which appear to 
have been for a long time supported and protected by impeiiectly cemented Ineccia filling ; this support 
has been the first to be gradually removed by solution, and has left the finer firm corals st^inding, as now 
seen. In their lower p^irts these bosses show uneven bedding, approximating to the horizontal. In their 
upper pitrts no stratification is recognisable. 

B. Breach commencing through here. The high breccia ramp<irt is not yet worn down from this point 
eastwards. 

C. Good-sized pebbles of pumice on the soil. 

C^ Fragments of pumice are found 13 feet up the Hurriciuie Bank, i.e., 3 feet below what is, a short 
distance away, the summit, this being the highest spot on the island. 

D. Large boss of brecciii here 9 feet above high water. 

E. Very large l)locks of breccia. 

F. The erosion along here is most marked and severe, the longitudinal channel in the erosion zone 
being both deeper and wider than elsewhere observed, and the massive cakes removed from it are now to 
be seen at the base and up the side of the wide Hurriciuie Beiich. 

G. Much of the surface of this island is composed of similar material (shells, sand, and debris) as the 
bigoon beach adjoining. 

H. Fine breccia, inclined to present channel. 
J. Boss of Pontes in sifu, 

K. Soft sandstone of similar mateiial to new beach sand, ^ 10' to basin or passage. 
L. Soft sandstone of similar material to new beiich sand, >|r 10' to basin. 
M. Foraminiferal Siuid, with a large proportion of Curdium frivjum. 

N. Patches of Charna imhricaUi are foiuid here and there over the Hdiopora reef, of 100 yards or more 
in diameter. 

TEFOTA (PiATE 5). 

A. Breach-channel at half tide. 

A*. Canoe passage or channel through breccia at half tide. 

(^ 2 
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B. This island has but two tall and seven smaller cocoanut trees growing on it. 

C. Many shifted cakes of the breccia-capping above and on the platform floor. 

D. The flattish stones that mainly compose these beaches are generally inclined to the sea, but the 
stones in the breccia lie at various angles, and in any direction, the majority approaching the horizontal. 
A large form of Mont'qmra ( ? up. ) coral up to 6 feet in diameter is interbedded among the breccia as it grew. 
It is scarcely injured at all, and but little weathered, and is but slightly inclined to the sea. It appears 
to have grown during the deposition of the breccia cap, to have then been covered and protected by it, till 
the progress of erosion has again partially uncovered it as it is now. 

D^ Large dead flat corals, in situ, among the breccia, distinctly in a better state of preservation than 
the main mass of the breccia. 

E. Ileliopf/ra seen here, embedded nearly all over the under side of large overturned masses of the 
breccia. 

F. Alternate layers of coarse and fine sandstone, dip 9° to l)asin, />., approximately south. 

FUNAFAKA (Plate 6). 

A. A little new coral being thrown up here with portions of the eroded breccia cap lying on the 
platform. 

B. The usual breccia blocks are thrown up here with smaller rubble. 

C. The breccia rampart along here presents a very broken line, having re-entering angles and outlying 
rugged pinnacles at short intervals. In the spaces between the projections there is a more or less smooth 
floor and steep ])each, with rolled fragments, the former presenting short and bold, steep, vertical, or 
overhanging cliff-like headlands to the ocean. 

D. Pirrites block, 10 feet by 6 feet by 4 feet, on or piercing breccia. 

E. Path to Funafara village. 

F. Small solution area or swamp. 

G. Masses of breccia, but not usually so high as at Telele. 

H. Mass of Gnniadnm fnvidella on or piercing the breccia cap, in situ. Size 7 feet by 6 feet by 
6 feet 6 inches above high water. 

J. New fragments of Ilcliupora seen in several places here. 

K. Mass of breccia, with several small broken corals on top, cemented in the mass, apparently in situ. 

L. Boss of Poritesy 6 feet by 4 feet by 3 feet, above the breccia, and embedded on top of the breccia 
cap or piercing it, probably in situ, 

M. Breccia showing an iiTegular l^eddiug, with dip 1 in 12, at about right angles to shore line. 

N. Big mass of breccia well up on beach, 12 feet by 9 feet by 6 feet, above high water, showing 
bedding plane 1 foot above high water, and apparently in situ ; some small corals on top, also apparently 
in sit (I. 

0. Boss of Pori*f'Sy 5 feet by 5 feet by 1 foot 6 inches, above the outer platform floor. 

P. Coarse angular blocks of breccia up to 3 feet in diameter, torn up from the corrosion zone, and now 
forming an outer rugged addition to the Hiu-ricane Bank. 

Q. The breccia on the lagoon side about this end of the island partakes of the nature of sandstone, being 
formed of sand, shingle, and small rubble. 

E. Boss of Parit^,<, 5 feet by 5 feet by 1 foot 6 inches, above lagoon platform. 

S. Dead nuUipore fragments about here. 

T. All along here there are breccia projections, with occasional streaks of beach sand, between them 
and the storm, or small Hurricane Bank. 

U. Heiidlands of breccia with bays between ; strciiks of siuid and sul>-angular coral gravel constitute 
the beach here. 
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V. No sand >)each here. 

W. The beach along here viewed from a short distance has a creniihited appearance at low tide, caused 
by the unequal erosion and solution of the breccia, which now forms headlands and 1>ays, in shelter of both 
of which at their l)ase a narrow streak of foraminiferal sand and dt^bris often rests. Ngie trees grow 
persistently in this precarious position on the higher parts of the headlands. 

X. Sand floor alternating with fixed and a little loose breccia, all covering, wherever tested, the de^ui 
Jleliopora reef in sitHy with the sand l>etween and occasionally over all. 

Y. Where the breccia begins at this point, a few new coral fragments occur. 

Z. Sand only along here. 

A^ Very recent accumulation of worn foraminiferal sand here. 

B^ Trees luidermined and falling along here, the land being probably invadeil by the lagoon, or from 
the flow of waters driven hy heavy weather and high tides through the Tefota passages. Pumice thickly 
matted with the roots. 

G^ This flat is composed of lagoon material, as is the fiat just across the passiige at Telele. 

D^ Outcrop of soft siindstone dipping to passage. 

E^ Eroded breccia floor. Recent Injiich of old coral and breccia fragments. * 

F^ Small pinnacles of Poriits on outer platform about 1 foot l>elow high water. 

G^ The breccia is composed of sharp angular lumps of coral, the interstices being occupied by finer 
material. 

H*. Roots and pumice 2 feet below top of Hurricane bank. 

J^ Breccia eroded nearly to line of beach. 

K^ Landing place. 

L^ Breccia mass, 9 feet by 6 feet by 2 feet. (T.W.RD.) 

M^ Ladder of raft washed up here and found August 29, 1897. (T.W.KD.) 

N^ Recent breach in Hurricane Bank. (T.W.KD.) 

0^ Swamp with floor of shelly ^uid. (T.W.KD.) 

P^ This southern end of swamp is a i)artly tidal, partly non-tidal, flat of gravel, Siind and loam, without 
vegetiition. (T.W.E.D.) 

Q^ Numerous sand |)atche8, sometimes of considerable area. 



MAt^OLA (Plate 6). 

A. Sand, shingle and small nibble on lagoon side. This island has about twenty small cocoanut trees, 
some not long planted. 

B. Two kinds of breccia are noticed here, one being chiefly composed of the normal sized masses, and 
the other of smaller and newer material. This latter, which is chiefly on the lagoon side, apparently 
overlies the former, which is harder ; both however are now undergoing erosion and occasionally being 
torn up in small slabs. 



LUAiMOTU (Plate 6). 

A. Sand and gravel intermixed and alternating along here. 

B. The breccia rampart in some places forms a battlement and embrasure line. The erosion has been 
severe. 

C. Breccia cap maintains a remarkably even outer clifl' line and suiiace, the latter forming an almost 
level platform from the clifl' to the l>each. 
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MATEIKA (Plate 6). 

A. A channel is nearly cut through here, which bids fair soon to separate these two islands at low water. 
Already there is a water channel at half tide. 

B. Big mass of breccia, 7 feet high above the top of the breccia floor. 

C. Beach on this side somewhat like that across the island on the lagoon side, the one being less coarse 
and the other more like an ocean Hurricane Bank than is usual on the lagoon side. 

D. Very little shingle or rubble here ; all removed. 

E. Big block of Ganiastrceu favisfellu apparently in situ, 8 feet by 1 foot by 4 feet above high water. 

F. The lagoon beach along here is strewn with breccia and old coral blocks up to 18 inches, quite like a 
minor example of the outer beach. 

G. Dark breccia ]>each with no sand. About 150 blocks of breccia around here. 

H. This lagoon beach is quite like some of the sea beaches in its erosion, jis there are several shifted 
blocks of the breccia here. 

FALEFATU ou FAIFATU (Plate 7). 

A. Breccia covered with a little breccia rubble. 

B. Small breccia df^ris makes up the hurricane beach here similar to that at A. 

C. Peaks and ])osses of breccia and Porites. 

D. Numerous pumice fragments in the matted roots. 

E. Ocean and lagoon waters only separated by 10 yards at high water. 

F. Point of breccia, from which all the superimi)osed material has comparatively recently been 
removed. 

G. The breccia platform is worn smooth by the attrition of pebbles and small worn blocks. The noise 
in even a moderate wind, made by the rolling of the pebbles and small worn blocks about half tide and 
over, is deafening. 

H. Breccia ends here in a point — sand begins. 

J. Gravel here \ inch and over in size. 

K. Sand and shingle meet here, and for a short distance conuningle. 

FUNAMANU or FUNAMANO (Pi^vte 7). 

A. Breccia lUbiis covering platform. 

B. White beacon. 

C. Lime pit where coral was burnt for lime with which to build the beacon. 
C^ Small outlier of reef breccia, 6 feet by 3^ feet by 1 foot. 

D. Flat mass of coral breccia. 

E*. Living nullipore zone here of a rusty brown colour, but flourishing. 

E-. Living nullipore zone here of a nisty brown colour. The zone abuts on the breccia. 

F. High projecting mass of breccia, 10 feet by 8 feet by 9 feet above the platform, /.<'., 4 feet 6 inches 
above high water. 

G. A number of big trees, Pukavai — Calophyllani inophyllum — here 40 to 50 feet high, and 2 feet 
9 inches to 4 feet 6 inches in diameter. They are frequented by birds, as are the Fetau trees of Amatuku. 

H. Small short breccia cliff. 

J. Breccia up to i)ebble line. 

K. Jagged masses of clinkery breccia here. 

L. Kounded boulders make up the hurricane beach here. 
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M. Blocks of Poiites. 

N. Pebbles. 

O. Position in which living Heliopora was found, 7 inches by 6 inches by 8 inches. 

P. Fragments from 3 inches to 9 inches. 

Q. Rolled blocks on Hurricane Beach. 

R. Clinker field, with deep and numerous small caverns nourishing the large Pukavai trees. 

S. Masses of coral 1 to 2 feet above platform, to which some are cemented. The latter probably 
represent masses in situ of Pmiies, 

T. Hard breccia slightly finer than that to the east of it. Dip of the diagonal beds in the breccia at 
10" to N. 40^* E. 

FUNANGONGA (Pij^te 8). 

B. Big boss of breccia 12 feet by 8 feet, composed of smaller material near the top. 

C. Block of breccia 5 feet 6 inches by 5 feet by 3 feet. The breccia capping here has many big masses 
of coral breccia, as at Luamotu and Fimafara. 

D. A newer formed rock than the main mass of breccia lies unconformably on it, first as a conglomerate 
succeeded by a newer breccia, which enclosed blocks appearing to have belonged to the older breccia. This 
is, however, undergoing erosion in common with the whole of the face along here. 

E. Large numbers of fragments, thick as well as thin, of new Heliopora and MiUepora, the former a 
rich dark blue in colour. These, with a little sand and very little old breccia, constitute most of the 
beaches between the rampart like projections of l)reccia. 

F. Large nimibers of breccia l^osses help to form the upper beaches between the projections. 

G. Cocoanut trees undermined and fallen along this Hurricane Bank. 
H- Ordinary clinker field with large and small blocks. 

J. Smaller material makes up the clinker field here. 

K. Coarse clinker field. 

L. Coarse blocks of breccia. 

M. Nearly the same as the present beach. 

N. Clinker field. Caverns deep and numerous. 

0. Pebbles. 

FATATO (PiJiTE 8). 

A. Blocks of breccia overturned and inclining to the sea, enclosed in a sandstone and breccia. This has 
in it old torn up ])each blocks, as well as ordinary Iwiich rubble and smaller d/bris ; they are lying at 
the usual beach angle, and on loose beach stones or pebbles, the underside sloping on the beach, but all 
undergoing erosion in common with the older breccia sheet. 

B. Big and high block of l)reccia. 

C. Mass of breccia, the upper portion enclosing various corals which appear to be in fiifu, 

D. The sandbank here is 13 feet high above high water, and is the highest sand accumulation on the 
whole of the islets. 

E. Worn pebbles all sizes up to 18 inches in diameter, and some few over. 

F. Smooth worn breccia. 

G. Comparatively smooth clinker field. 

H. Angular and worn blocks of coral breccia, small and large. 
J. Breccia cap higher than usual, and eroded to its top. 
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SOUTH OF MAIN ISLAND OF FUNAFUTI (Plate 9). 

A. Well-rolled pebbles along here. 

B. Largo shifted flat blocks of breccia lying up the Hurricane Bank slope above the breccia cap. 

C. The breccia is much worn in places, disclosing several patches of hard foraminiferal sandstone, in 
which Tinaponis IkkuMuh is the chief foraminifer; this often occurs where there is either no breccia 
above it, or, as is more usual, a thin sheet only. 

D. Big boss of breccia projecting beyond the present general line of the breccia cap and 6 feet above 
high water. 

E. Big flat blocks of breccia lying on the Hurricane Bank. 

F. Pebbles mingled with the blocks on the Hurricane Bank, most of which are worn. 

G. The breccia here is much worn and smoothed by the attrition of the pebbles at L.9.A. 

H. There are numerous caverns and pits in this clinker field. The trees also thrive and grow high near 
them. 

J. Big flat blocks here on slope of Hurricane Bank. 

K. Large blocks of Parife.s fixed to platform or piercing it. 

L. The trees are small and stimted on this sandbank. 

M. The breccia cap is seen to extend through from side to side in one sheet here. 

N. The breccia at the end of this island is worn down and being eroded, and is of diminishing width 
and thickness, till very little is left towards the middle of the space between the islands ; this space is not 
for its whole width of one character, but retains near the ocean face, at corresponding distances, much 
of the character of the usual ocean platform, while towards the lagoon it is more jagged and rough, 
presenting a somewhat corroded appearance. Thui layers of pumice seen in places along this Hurriame 
Bjink from 1 to 2 feet from top. 

CENTRAL PART, ABOUT THE VILLAGE OF FONGAFALE (Piate 9). 

A. Beach of large and small well-worn pebbles. 

B. Pontes block, 7 feet by 4J feet by 3 feet. A pinnacle in the eroding reef 4 feet 6 inches above coral 
platform. 

C. Small hurricane beach of small lumps of breccia mingled with sand. 

D. Numerous breccia blocks here, above the top of the breccia cap, up to 2 feet 4 inches in diameter ; 
the coral blocks and the breccia sheet below them are both more or less undergoing solution. 

E. Coarse, clinkery blocks of coral and coral breccia. 

F. Large blocks of the breccia sheet shifted on to this Hurricane Bank. 

G. Escarpment of the breccia sheet 1^ to 2 feet high. 
H. Outcrop of the breccia sheet. 

J. Sandbank fails southwards and a depression of the surface landwards succeeds it. 

K. Blackish sandy soil. 

L. Mingled sand and pieces of breccia. 

M. Edge of solution of breccia cap. 

N. Solution line ; hollows with small pits and caverns. 

0. Breccia cap covered over with large coral rubble, east of this. 

Q. South depression extending from here to the swamp, which may probably indicate some past 
commimication of the swamp with lagoon. 

R. Between this and the clinker field the central depression continues. 

S. There are slight indications here of an oldj communication between this central depression and the 
lagoon, though it is now in part filled up with sand. 
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M'. Here, in the face of the Hurricane Beach, a trench was put in to ascertain if there was any sign of 
cementation or consolidation having commenced. The trench was begun about 2 feet above high 
water, about 6 or 8 inches above the breccia cap, and continued to the summit of Hurricane Beach ; the 
material consisted of old and worn coral and of breccia, apparently from the breccia escarpment, at zone 
O.2.D., and the floor of platform; with it was mingled some more recent coral, with foraminiferal sand 
and the usual beach debris, stones of all sizes and shapes ; it was so loose that very slight jarring was 
sufficient to shake down more and more of the sides. Not the slightest approach to cohesiveness or 
cementation was observed. [That gave great trouble in keeping up the sides, and caused us to desist 
before sundown, till shoring up could be resorted to ; but the ss. " Archer " came at 4 A.M. next morning, 
so this was our last opportunity.] 

N2. Pit sunk by natives 4 feet through clean sand and fine d^h'is at top ; a few small stones continued 
from the surface down to within about 18 inches or 2 feet of high water. 

0^. Pit similar to the last, differing from it only in that streaks of fine foraminiferal sand, 6 to 9 inches, 
were passed through, unmixed with stones or dehris. 

P2. Long shallow excavation made by native prisoners to get material to make road alongside it, through 
2 feet of foraminiferal sand of Tinoporus, the least worn and best preserved in any of the oldest sand beach 
deposits I obtained or saw ; though not so perfect as quite new tests or shells, the material is more like 
that at Nukusavalivali and Motungie than any found elsewhere. Below this, stones, breccia, and fragments 
as one still finds at some sand islands, which begin by being laid down on the worn and thinned down 
breccia cap, as at the lagoon side of Telele, Funafara, <fec. 

Q-. First Blast. — Barely 18 inches deep. Several pieces of rich blue Heliopm-a, adhering to the under 
side of the l)reccia, and embedded in this, sometimes by its edges. 

R2. Second Blast. — Under breccia-rock outlier, opposite the opening or breach in the high Hurricane 
Beach adjoining the clinker field, i chain east of the erosion line, well out on the platform, in the slightly 
depressed smooth zone. Numerous pieces of dead blue Jleliopora, adhering to the under side of the rock 
thrown up, and appeared to l)e similar rock to that which covers Heliopom, both in the black breccia near 
Big Bore and in some parts of the Mangrove Swamp. 

S^. Third Blast. — The charge was placed in a hole 2 feet deep in water, the charge being placed under 
a projecting portion within 10 feet of the head of a channel, and as far out as I could get at this point 
without being close up to the head of the channel. Here the full force of the soiith-east winds plays on 
this east cape or point of land and reef. It revealed the sandy (foraminiferal) portion of the bed, and 
brought up fragments of Ileliopora, but I could not say if they were in situ, but as the blast fractured 
the rock completely, they may have been. The first rock downwards was exactly like the swamp floor, 
and below that foraminiferal sand was intermixed, similar to that alx)ve Helmpma, inside the Hurricane 
Bank, i.e., in the swamp. One other result of these blasts was to prove that the apparently solid mass of 
the outer platform is not solid, but cavernous, the caverns (as found in our Big Bore) being crowded with 
molluscs, crabs, echinids, and other small marine forms. 

U2. Storm beach of water-worn shingle, 3 inches up to 9 inches, and a few still largei*. 

V2. The summit of Hurricane Bank, for 3 feet in depth, consists of blackened flattish coral stones. 

W2, The back of the Hurricane Bank of rounded stones and loose sand. 

X2. Narrow strip of Mangrove Swamp. Breccia sheet here, except at bottom, where there is a purplish 
mud in places. Depressed line of decomposed and corroded breccia and coral ; swampy in places. 

Y2. Dark sandy soil between outliers of breccia at the surface, continuous with the breccia sheet below. 

A^. A large proportion of these coral fragments are composed of Heliopord, not greatly weathered. 

C^. Road or path northwards. 

E^. First outcrop, on the lagoon side, north of the village, of the solid breccia sheet. Hard newer 
sandstone above this, enclosing some small coral blocks. 

J^. Outlier of breccia sheet, 2 feet high. This breccia block does not, on its top, show one piece of the 
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fresher-looking Heliopom we meet with in the platform, but, on turning over portions of it, very many 
fragments are seen embedded on its underneath side. 

E^. Decomposing breccia sheet, exposed and being corroded. 

M^. Mass of coral breccia 8 feet above coral platform, 15 feet by 10 feet, at base, and displaying at its 
top fine branches of coral ; from between these the infilling is being weathered out. 

N^. Another mass of coral breccia, its upper part quite fantastic, 12 feet by 12 feet, at base, with very 
many forms of coral on its upper side (many of which are right side up, its base firmly cemented on the 
main breccia sheet. The summit is 10 feet 6 inches above the outer coral platform, which, however, 
is 4 feet 6 inches below high water (spring tide). 

0^. Large mass of Porites, 8 feet by 7 feet by 2 feet high. 

P®. Black mass of fine corals, 10 feet by 6 feet, rising 4 feet above the top of breccia sheet. 

Q^. Flat mass of breccia, 8 feet by 4 feet by 1 foot 6 inches, with coral, apparently in situ, on top. 

R^. High mass of breccia, bristling with pinnacles, and with coral embedded on top. Size 15 feet by 
1 1 feet at base and 1 feet 6 inches above coral platform. 

S^. Conglomerate, in situ — same level as that on beach to north-west, weathered lumps of it lying 
about in places. 

T^. Two big masses of breccia, in situ, with many delicate forms fractured, but in position of growth, 
embedded among the breccia. 

U^. Large masses of outlying breccia. 

W^. Native well. Heliopom occurs around the sides, in situ, 6 inches to 9 inches below high water 
(spring tide), interspaced with foraminiferal and nullipore sand, and overlain with whitish mud, and a little 
above the cultivated swamp land, from which it is separated by a few yards only. 

X^. Small grass fiat, composed of black sandy soil, mingled with coral and pumice fi'agments, instead of 
the usual Hurricane Beach. 

Y^. The Hurricane Bank here has been driven back landwards some 10 to 20 yards, while its height 
has also been reduced to a foot or so below the line of the pumice pebbles, which are to be seen in its end 
sections. 



MAIN ISLAND, NORTHERN PART (Plates 10 and 11). 

A. Grass covers and mats together the rubble forming the inner slope of the Hurricane Bank in several 
places along here, forming quite green patches of some extent. 

B. Tinvporus baadatus sandstone outcrops along here, bearing a close resemblance to that occasionally 
seen on the ocean side of this island. 

C. Tinoporus haculatus sandstone occurs along here reposing on the eroded breccia cap. 

E. Big boss of Pontes 8 feet by 5 feet by 4 feet above the breccia sheet, which it appears to pierce ; its 
summit is 3 feet above high water. 

F. Large cakes of breccia, up to 6 feet by 4 feet by 1 foot 6 inches, are lying on the Hurricane Biiuk, 
where they appear to have been carried on being removed from the breccia sheet by the waves. 

G. Some small bosses of Pontes firmly fixed on the platform here. 

H. Many large blocks of breccia occur among the beach rubble along the Hurricane Bank. 

J. Large mass of breccia 10 feet by 7 feet by 5 feet, with many kinds of coral, small and larger, near 
and forming its present summit ; the spaces between the corals are filled in with small debris firmly 
cemented into one mass. 

K. Several specimens of Pontes seen on ditferent parts of the beach apparently in situ, 

L. Outer channel very angular along here. 

M. Boss of breccia in situ, 4 feet above high water on the line of the outer part of corrosion zone. 

R 2 
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N. Big boss of Porites in situ on the Hurricane Bank 6 feet above high water, 10 feet by 5 feet by 3 feet 
above the pebbles and rubble of the Hurricane Bank which surrounds it. 

0. Corals observed embedded in and covered by the breccia in situ and almost as perfect, conspicuous 
among them being a large species of Montipora, 

P. Small cliff 10 feet out from high-water line ; submerged at high water. 

Q. The beach along here for a long way maintains the same general character. 

R. Block of breccia, 10 feet by 6 feet, 4 feet above high water. 

S. Big worn block of Porites well up above breccia cap. 

T. Only a few projecting piers of the breccia cap along here. 

U. There is a considerable depression for a long distance on the reef platform between the O.L.IO and 
the O.2.B., in which the water, when the tide is out, is from 6 to 18 inches deep, while the O.L.IO acts 
as an embankment 1 foot to 1 foot 6 inches above it, within which the water on a calm day is uninfluenced 
by the ocean swell and its surface is without more than a most gentle ripple. 

« 

V. Sandstone resting on eroded breccia. 

W. Sandstone and fine conglomerate occur near the high-water line. 
X. Remnant of siindstone in a few places along here resting on worn breccia. 

Z. Bosses of dead Porites occur at various distances out on the reef platform apparently in sitUy none, 
however, attaining the height of high water. 



TEN6AK0 (Plate 11). 

A^ Old heathen shrine, the outer walls of which are built of flattish stones, specially long stones being 
used for the corners, the whole interior space between which is filled up to the top with other and more 
irregular stones. This is the largest and was at one time the most important shrine on this atoll. 

B^ Fan-shaped deposit of coarse coral rubble torn from the breccia and driven with the Hurricane Bank 
and recent debris on to the lagoon platform and over the edge of it into the lagoon itself. 

C^ Breach across island here through which, during high water and very rough weather, the sea is 
driven. 

D^ Several small bosses of Pontes extending well out on the reef platform ; there are also a few small 
loose pieces of rock. 

E^ Porites in situ 50 yards out on reef platform. 

F^ Breccia 1 foot above high water. 

6^ Porites block in situ on lagoon platform. 

H^ A strip of sandstone 150 feet along here is being eroded. 

J^ Small patch of sandstone which is being eroded together with the breccia cap on which it rests. 

K^ Several small blocks of breccia cast up on beach, up to 2 feet in length. 

L^ Newer conglomerate here, fine and coarser being eroded with the breccia cap forming the general 
boundiiry of the beach. 

M^ Patches of sand alternating with patches of smooth-worn breccia. 

N^ Short projections or headlands of breccia along here, the beaches between which are composed of 
foraminiferal sand and general beach d^bns, 

0^. High mass of breccia here, apparently in situ, 

P^ Thin bedded sandstones enclosing subangular and rounded stones up to 3 inches here and there, with 
an occasional much larger stone, all overlying the worn breccia and with it undergoing erosion. 

Q^ Coarse worn blocks make up this Hurricane Bank. 

R^ Breccia blocks with some new pieces of coral make up the beach about here. 
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SECTION VI. 

BIOLOGY OF THE REEF-FORMING ORGANISMS AT FUNAFUTI ATOLT.. 

By Alfred E. Finckh. 

(1) General Description of a Biological Section Across the Atoll approximately from 

West to Ea^t, 

A general description of a Biological Section across the atoll will perhaps best 
convey to the mind the distribution of the various reef- forming organisms, as regards 
their relation to the ocean and lagoon respectively. 

Beginning at the western ocean face of the atoll, near the southern end of the islet 
of Fualopa, our section traverses the lagoon and strikes the main island, Funafuti, on 
the lagoon platform which extends out from the north end of the sandy beach near 
the village. Thence it passes across the platform and over the main island and 
ultimately runs out over the ocean platform in the neighbourhood of the '' line of 
plugs" the "permanent reference marks'* of Mr. Halligan's report, situated east 
of the main diamond-drill bore. The western rim of the atoll, our starting point, is of 
extremely irregular width. The irregularity of outline is, however, mainly on the 
lagoon side, the boundary of the atoll oceanwards coinciding with the general contour 
of the atoll. The reef platform in its entire width is approximately of the 
same level. 

The superficial part of the ocean platform will be described first, the deeper parts 
later. On the ocean side, up to as far in as the wash of the waves reaches at low- 
water spring tide, the reef platform is densely covered with vigorously growing 
organisms. Of these the thinly branching Lithothamniou is the most abundant. 
This alga appears in small isolated shrub-like clusters from I inch to 5 inches in 
diameter, and varying similarly in height. Between these clusters many small 
ooralla of the species Madrepora loripes. Brook, are seen, while they themselves grow 
in such numbers and so close to one another that it is impossible, while walking on 
this part of the reef, to put one's foot down without treading on them. The founda- 
tion%n which these grow is the solid rock of the reef platform which extends to the 
very edge of the platform. Near the edge are other coral forms, also the Lithothamniou 
of the lichenous and knobby forms, but no Porites nor lleliopora ccei^lea. These all 
help to form a complex covering of living material for the rocky platform. No one of 
these species, however, forms patches of any considerable size, each being prevented 
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by neiglibouriiig species and by the all-invadiug lichenous Lithothamnion from 
assuming anything like large dimensions. A great struggle for supremacy seems to be 
going on, the Lithothamnion, howev^er, eventually gaining an easy victory over the 
corals and hydrocorallines. This vigorous growth extends for only 2 or 3 feet down- 
wards at the edge of the reef below the level of low-water spring tide ; below this 
level the reef becomes comparatively destitute of organisms. 

Proceeding towards the lagoon the organisms gradually become more scarce, until at 
a point w^here the waves no longer reach at low- water spring-tides, the reef is a 
barren, comparatively smooth platform with but a few detached rock masses which in 
most cases are not cemented down. 

On the lagoon side of the reef all the forms found on the ocean side are represented, 
but in addition, we get small pieces of the Hello pora ccerulcu, and here and there 
fungoid corals. This edge slopes down into the shallow water of the lagoon. 

The reef platform on which the islet of Fualopa has been formed by the accumula- 
tion of saiid, coral, and Lithothamnion fragments, is of great width, over 1300 yards, 
jutting out as a long point into the lagoon. The edge of this lagoon platform consists 
maiiJy of living, thinly branching Lithothamnion, Its almost perpendicular walls 
show very little life below 2 feet from the surface of the platform. The platform 
itself consists of dead cemented fragmeirtal material with, here and there, pancake- 
shaped Poritts, both the yellow [Pontes Vunosa) and the purple variety, lying, for the 
most part, loosely on it. The walls sink down into 2 to 3 fathoms of water on to 
the sandy lagoon bottom, which is made up of detached joints of Halimeda and the 
remains of branching Lithothamnion, 

In close proximity to the platform there are numerous shoals, mostly on the same 
level as the platform and therefore awash at low-water spring tide. These shoals 
show at the rim a vigorous growth of every kind of coral found in the locality, 
including Heliopova cceridea and Porites : but, as in the case of the reef, there is the 
same struggle for existence going on between themselves and the predominating 
Lithothamnion, The central parts of these shoals are dead, formed into the solid rock 
by the binding effect of the Lithothamnion, and are studded here and there with small 
corals, sponges, seaweeds, &c. 

Those shoals which are 2 or 3 fathoms below the surface of the water at low- water 
spring tide, consist purely of coral or hydrocorallines, either Heliopova ccBvulea or the 
branching Millepora, and mostly of one species only. These so-called shoals are 
merely clusters of gi'owing coral, which having once attained a certain height become 
overgrown at their roots by the lichenous Lithothamnion, The ii^teystices between 
the branches of the coral are gradually filled in, partly with foraminiferal and other 
sands, and the foundation is thus laid for the solid reef rock, which consists of 
the stems of the coral with which the shoal began its existence, foraminiferal sand, 
and the remains of the branching Lithothamnion and Halimeda^ all being boimd 
together by the lichenous Lithothamnion, Even better examples of this process of 
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The edge of the reef platform on the ocean side traced landwards up to the wash of 
the waves at low- water spring tides is covered with the lichenous Lithothamnion, 
which here, as in the lagoon, presents the appearance of having had its growth 
impeded. Both the thinly-branching and the knobby Lithothamnion are totally 
absent. 

The following is a detailed description of this eastern rim of the atoll near the main 
diamond-drill bore. The lagoon platform here is about 165 yards in width. At the end 
it drops in places perpendicularly into from 2 to 3 fathoms of water, in others it forms a 
slope, but this is always steep. The bottom below is almost pure Halimeda sand. 
The platform has been formed, as it appears, by the transformation of large expanses of 
Heliopora ccerulea into reef rock by the process already mentioned. The dead 
ITeliopora is seen everywhere in situ, though in most places its presence is obscured 
by the remains of its conqueror the Lithothamnion, The whole has a decidedly 
barren-looking aspect. At low- water spring tide the platform is left dry, with the 
exception of several shallow pools, the sandy bottoms of which are about 6 inches 
below low water. Some of these pools proved to be lying in hollows belonging to 
holes in the reef platform which were once of considerable size, but which subsequently 
have been filled up with sand. An iron rod could be pushed down some 5 feet before 
meeting with an obstacle. The surface platform harbours innumerable Ophiuroidea, 
numbers of molluscs and sponges, but scarcely any coral or Halimeda. The last two 
occur only in the reef pools, so that they are never completely uncovered by water. 
The mode of growth of the coral, which was only represented by Porites limosa, offers 
many features of interest. A description of these is given in the Sub-section on the 
mode of occurrence of the chief reef- forming organisms (p. 137). 

Halimeda grows very abundantly in sandy patches of the platform ; it occurs, too, 
in large roundish masses on the edge of the reef platform, and the submarine wall of 
the platform is also covered with it. In the latter position here and there minute 
coralla of Pocillopora paucistellata are met with. On the whole the absence of any- 
thing like the vigorous growth so characteristic of the western rim, both on ocean and 
lagoon face, is very striking. The apparent absence, too, of the lichenous Lithothamnion, 
together with the total disappearance of the branching and knobby forms of this 
calcareous seaweed, is very noticeable. 

We now leave the lagoon platform by ascending the sandy beach : the island here, 
where it has to be crossed in order to reach the ocean platform, is about 200 yards 
wide. Standing on the Hurricane Bank, we have lying at our feet the ocean platform 
300 feet wide, consisting of typical Lithot/utmnion rock. This platform, like the 
lagoon one, is characterised by its barrenness, but differs from the latter by being 
divided into conspicuous zones (see plan on Plate 17). The first two of these, the 
erosion and the corrosion zones, which are totally dry at most low tides, are devoid 
of life. At about 78 feet out towards the ocean from the foot of the Hurricane Bank 
the first growth is met with in the shape of non- calcareous seaweed of an inconspicuous 
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tilaiueutous form and brownish -green in colour. This occurs along the entire length 
of the platform, parallel to the shore, as a complete strip, like a slippery carpet. This 
area, indicated as the seaweed zone, is left uncovered by water at low tide several 
(lays before and after spring tides. No coral growth is, therefore, found on it. 

Between this zone and the edge of the platform lies the Lithothamnion zone (see 
Plate 17). The line of junction between the two is very irregular, depending entirely 
on the distance to which the waves wash landwards at low- water spring tides. This 
distance is the limit of Lithothamnion growth, and varies with the nature of the 
surface. 

The Lithothamnion zone thus formed comprises that part of the platform which is 
so characteristically interrupted by the channels extending landwards from the edge 
of the reef While the surface of the seaweed zone is comparatively smooth and level, 
that of the Lithotha/nnion zone is exceedingly uneven on account of the slight mound- 
like elevations fonned partly of Lithothamnion and partly of encrusting foraminifera 
like Carpenteria and Polytrema which almost invariably surround the channels, 
especially at their tenninations. These, like the entii'e surface, are very much pitted 
with irregular shallow hollows, which, towards the edge, are inhabited by echinoids. 
The whole presents an irregularly pitted surface, but with a total absence of sharp 
edges, every part being smoothed over and rounded off by the ^owth of the Litho- 
thamnion. The only species represented, however, is the lichenous fomi ; the other 
two are totally absent.* As is the case on the lagoon platform, it has not the healthy 
looking crimson colour of this variety of Lithothamnion when growing on the western 
rim of the atoll, and it altogether presents a stunted appearance. Of coral growth 
there is exceedingly little on the surface of the platform ; only here and there a 
small corallum o{ Pocillopara grandis, hardly ever more than a fe winches in diameter, 
and, in most cases, coated to a greater or less extent with Lithothamnion. Pocillopora 
verrucosa and clavaria are also present, but still less frecjuently. In the chamiels, 
which were in no instance more than 13 feet deep, and therefore easily examined, 
there was a greater variety of coral, but nowhere in anything like large masses. The 
walls of most of them showed nothing but Lithothamnion growth ; the bottom consisted 
of large pebbles and coarse sand. This was altogether contrary to expectation in view 
of the fact that this platform is on the windward side of the atoll and fully exposed to 
the prevailing ocean current. The chief reef-forming corals, Porites limosa, Heliopora 
ccBrulea and the hydrocoralline Millepora alcicmniis of other localities in this atoll 
were not once met with alive on the ocean platform in this part of the atoll. The 
note on Plate 17 as to the occurrence o^ Millepora alcicornis on the line of section 
A to B, across the channels, relates to a dead specimen of this species. 

The evidence for the description of the platfonn and channels was obtained by 

* It Ib clear, however, from the section afforded by the diamond-drill bore, as well as from large masses 
of dead reef rock l}'ing on the reef platform north of the main diamond-drill bore, that a branching type 
of Lithothamnion flourished not long ago at this part of the atoll. — T. \V. E. D. 

S 
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walking out to the very edge at low- water spring tides. Its downward slope, however, 
was investigated from a canoe by means of the water telescope. Such an examination 
was, as a rule, practicable only during the monsoon season, when, the S.E. trade 
wind having been replaced by the N.W. monsoon, this eastern part of the atoll 
became temporarily the leeward side, so that the sea off this part of the reef platform 
was comparatively smooth. By paddling up to within a few feet of the position on the 
edge of the reef, which was previously examined from the shore, we saw the rock-masses 
separating the channels slope down gently into from 3 to 5 fathoms of water. At 
that depth these ridges unite with the troughs between them to form the general slope 
of the atoll. There is no sign of overhanging rocks or buttresses. The loose material 
noticed in the channels on the platform does not extend down the slope, for in front of 
the ridges seawards it has entirely disappeared, and the reef presents a solid floor of 
Lithothamnion rock. The surface of this rock is extremely rough and uneven, but its 
inequalities do not interrupt the general and gradual downward slope of the atoll. 
The lifeless appearance of the reef-rock continues in a downward direction ; of coral 
there is less than ever, and where it does occur it is in small isolated pieces. Here 
and there are clusters of Halimeda and of small non-calcareous green seaweeds, but 
neither are very abundant. Besides the general uneveness of the Lithothamnion rock 
there are present the innumerable small cavities already mentioned as occurring on 
the platform, of iiTegular shape, mostly longish and tortuous, and invariably inhabited 
by echinoids. Every individual of these, whether large or small, seems to fit perfectly 
into the cavity inhabited by it, so as to suggest that the cavities are their work. 
By means of the water telescope this ground could be surveyed down to fix)m 10 to 
15 fathoms. Dredgings were not carried on in this locality, but a description is 
given in the following sub-section of material dredged in other parts of this atoll 
from various spots on the ocean slope of the atoll. 

(2) Comparison of the Platforms, Slopes, and Islets of Diffet'ent Localities on 

the Atoll. 

The ocean platform as described near the islet of Fualopa is typical of the leeward 
rim of the atoll ; that near the 1897 boring is typical of the windward rim. 

The characteristic features of the former are : — (1) The enormous quantity of the 
branching Lithothamnion. (2) The vivid colouration of the Lithothamnion, which is 
here represented by all three forms. (3) The great abundance, near the edge of the 
coral, of the small brownish species of Madrepora loripes. (4) The smallness in 
dimensions of all species represented. No one species occupies large areas, but is 
represented as isolated coralla surrounded by other forms. Heliopo7*a ccerulea* and 

* As far, however, as could be judged by means of the water telescope, a considerable amount of 
Heliop&ra cmmlea appeared to be growing at a depth of a few fathoms on the lagoon side of the reef between 
Fuafatu and Fualopa.— T. E. W. D. 



132 MR. A. K FINCKH. 

The islets on the two sides of the atoll have themselves their characteristic 
differences. In both cases they are accumulations of debris on the rim, and it is this 
debris which enables us to classify them into leeward and windward islets. The 
former agree in their constitution entirely with their present biological suiToundings, 
being large accumulations of the fragments of the branching Lithothamnion, Inter- 
mixed with this is a quantity of foramini feral sand, as well as fragments of the frailer 
corals at present growing in the neighl)ourhood, together witli Ilalimeda remains and 
shell fragments, the whole forming a coarse siind. These large heaps of sand begin 
quite abruptly on the platform without the intervention of a breccia* zone, and this 
accounts for the fact that the shai)es of the islets change from time to time, as stated 
by tlie native inhabitants. 

The windward islets are, as already stated, also accumulations of debris^ but this is 
not, as it is in the case of the leeward islets, the direct product of living organisms. 
The boulders and pebbles heaped up on the Hurricane Bank indicate that they were 
once part of the general Lithothamnion rock. Sand on these islets is the exception ; 
it consists, where present, mainly of Halimeda remains together with a large 
percentage of foraminifera. 

The slopes lagoonwards are in all localities sandy ; purely Halimeda to the east, 
and containing on tlie west besides the Halimeda plentiful remains of Lithothamnimi. 
The bottom of the lagoon within a very short distance of the rim, in every instance 
where dredgings were carried on, was found to consist of almost pure Halimeda remains, 
witli a small admixture of foraminifera, as already described by Mr. F. Chapman. 

The examination of the ocean slopes is a somewhat difficult matter. In four different 
localities, however, satisfactory information was obtained— at the island of Funafuti 
near the 1897 bore; off the rim between the islets of Funafuti and Fatato, at the 
islet of Pava to the north, and off Fualopa on the western side of the atoll. 

The observations at the first of these localities have been discussed in the preceding 
sub-section. The other localities differ only in minor details from it. Between 
Funafuti and Fatato, where the reef rim, as described above, is very narrow and 
consists of a ''flat" from lagoon to ocean face, there is no slope ocean wards from the 
rim surface, but the reef flat with its irregular edges, its buttress-like projections and 
its intermediate channels, ends in vertical walls one or two fathoms deep, at which 
depth the general submarine slope of the atoll begins. Considerable quantities of 
isolated coralla of Pocillopora (?^/>.) exist here. A few specimens of the mushroom 
coral, Montipora incognita^ are present, as well as the only example of a " brain coral " 
(about 4 feet in diameter) noticed on the atoll. There is no sand present, but pebbles 
lie in the hollows of the uneven slope. As the depth increases, the ground becomes more 
even and shows many small isolated growing corals, with here and there a patch of 
Halimeda and non-calcareous green seaweeds. 

* Sandstone formation and breccia (the latter only lagoonwards) are occasionally met with, but they are 
quite the exception on the western rim of the atoll. 
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lichenous form ; (6) the thinly branching species ; (c) the lichenoiis variety characterised 
by its stony knobs.* 

(a) The lichenous form is exceedingly common. It is found on the lagoon platform 
and on the ocean face of the entire rim, as well as on all the shoals. Its upper limit 
of growth is approximately that of low- water spring tides, or as far as the waves 
usually wash at this level. It is easily recognised down to 3 to 4 fathoms, but beyond 
that depth it loses its characteristic colour, and being thus obscured its presence 
cannot be detected with certainty by means of the water telescope. It is, however, 
indubitable that a lichenous or encrusting type of Lithothamnion flourishes on the 
submarine slope of the atoll even down to depths of 200 fathoms. This was proved 
by the evidence afforded by fragments broken off* in situ by the chisel down to such 
depths and then caught in the tangles and brought to the surface during the dredging 
operations carried on botli during the 1897 and 1898 Expeditions. 

(6) The second variety, the thinly branching form, is exclusively confined to the 
western, z.e., the leeward rim. There it grows very abundantly on the surface of 
the ocean and lagoon platforms, its upper limit being, as in the case of the other 
forms, that of low- water spring tides. On the ocean walls of the platforms it was 
not observed to occur more than a foot or two below low water ; in the lagoon, 
however, large areas were noticed in 2 to 3 fathoms of water. It was never obtained 
alive during dredging operations in the lagoon, which were carried on from 8 to 26 
fathoms, so that bathymetrically it seems to have a very limited range, whereas 
geographically its distribution is now limited to the western rim. 

(c) The third species of lAthoth amnion is the lichenous form with its stony knobs. 
This variety was also found to be totally absent from the eastern rim, although dead 
fragments were common on the sandy beach near the village. It is very conmion on 
the lagoon reef platform between the islets of Mulitefala and Fualifeke and on the 
shoals lying off* it. Again, it is met in association with the thinly branching form 
on the western rim of the atoll. Its bathymetrical distribution seems to be the same 
as that of the thinly-branching form. 

During the ocean dredgings, loose cakes and flat pieces of calcareous rock up to 
1 foot in diameter and about an inch in thickness were frequently brought up from 
considerable depths, some from over 90 fathoms. These were covered with various 
encrusting organisms which are certainly Lithothamnion, but it will require 
microscopical examination before their relation to the above three surface species can 
be determined. 

As already stated, fragments of similar Lithothamnion were frequently obtained 
from depths of over 100 fathoms in situ. That they were in situ is proved by the 
following facts : — (a) The pieces showed fresh fractures which prove that they have 
been detached by the chisel or hemp-tangles, (b) They were associated frequently 
with various deep-sea corals, such as Neohelia (2), Balanophyllia, &c, 

* See also pp. 137, 145, 155, H seq. 
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Expeditions of 1897 and 1898, shows that its occurrence on the seaward slope is rare, 
and that, as regards its present distribution at Funafuti, it is a lagoon rather than an 
ocean coral. 

The same predominating character of Heliopoi*a ccBndea* was observed on the home 
voyage of the Expedition in the lagoon of the atoll of Onoatoa, in the Gilbert gioup, 
the only other lagoon island examined by the writer. At the four Gilbert islands 
visited which have no lagoons, not a single case of Heliopova cc^rulea on the slopes, 
near the landing places, was noticed. 

(6) The Hydrocorallinae are the next in importance. Of these the branching form 
MUlepoi^a alcicmnvis is largely represented in the lagoon, and is not restricted to any 
particular part thereof. It was not observed on the ocean slopes or ocean platforms 
except quite close to the true passages, in which it was very abundant. M. complanaia, 
the more massive of the two, is still more widely distributed, but does not occur in 
patches of any extent. The eastern ocean face of the reef platform, as far as to the 
northern passage west of the islet of Pava, was the only place in which it was seen 
in considerable ridge-like masses. 

(c) Of the Pontes family both the yellow Porites limosa and the purple Porites (? sp.) 
came under this category. But with the exception of the lagoon platform of the 
main island they were not seen to form large continuous masses. As small pancake- 
shaped coralla they are fairly frequent on all portions of the reef platforms ; small 
colonies are always found on the shoals. They were not noticed to occur on the 
ocean slopes. The inmiense numbers and size of the blocks of dead Poiites 
occurring on the S.W. portion of the atoll are specially noticed in the geological 
report. 

(d) Madrepora loinpes, Brook, was specially abundant, as already stated, on the 
western rim of the atoll near Fualopa, &c. It and the remaining coral- fornas are 
insignificant as reef formers. 

{e) Pocillopora ccBspitosa-y Dana, as already mentioned by Mr. C. Hedlky,! was 
abundant in the shallow water of the lagoon on its eastern side, while Pocillopora 
grandiSy P. verrucosa^ and P. clavaria were not infrequent on the ocean face of the 
eastern side of the atoll. 

P. paucistellata was fairly numerous in the shallow water of the lagoon on the 
eastern side of the atoll. Among other reef- forming types the astraBan corals seemed 
of far less importance at Funafuti than at most other coral reefs. 

Distichopo^t^ay which in some reefs is sufficiently numerous to rank as a reef former, 
was not found by me alive in any dredgings at Funafuti. Mr. Hedley reoordsj the 

* Messrs. David Woolnough and Poole observed on their >'isit to Niikulailai (the atoll next south of 
Funafuti) in 1897 that Heliopara citrulea was very widely distributed at that atoll also, being far the most 
important reef-forming organism there among the corals. 

t Australian Museum, Sydney. Memoir III. * The Atoll of Funafuti,' Part 6, p. 362. 

I Lor, cit,y Part 8, p. 531. 
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figwt that a dead specimen of Distichopora rosea was collected by him on the beach 
of Funafiiti. 

(4) Foraminifera. The remains of these Khizopoda are present in all the beach 
sands, as well as in the lagoon sediment in close proximity to the shores. Pieces 
detached from any part of the reef platforms show them to have taken an important 
part in the formation of the reef rock. The somewhat difficult task of ascertaining 
the distribution of this factor in reef formation was not attempted by me. Mr. 
Fredebeck Chapman's papers supply detailed information upon this point. "^ 

(4) Mode of Occurrence of the Chief Reef Forming Organisms. 

The order of the previous section is here followed. (1) Lithothamnion. Of the 
three forms occurring, two are distinctly lichenous ; the tliird is fruticose, growing 
ei^t in isolated pieces, and branching in a shrub-like manner. The last-named has 
therefore not the binding effect of the other two forms, and, as a reef- forming organism, 
must be classed with the corals, playing, like them, a passive part. The lichenous 
Lithothamnion and the knobby form, on account of their incrusting habits, play a 
very important part in the formation of the reef Being purely incrusting, they 
require for their growth a foundation over which they can spread. The limit of such 
foundation is the limit of their extension. For further growth the presence of addi- 
tional foundation is required. Should such be present in very close proximity to the 
original one, the Lithothamnion would reach across to it and continue its incrusting 
work, neighbouring masses being by this means firmly united together. The 
Lithothamnion by no means confines itself to lifeless material, everything that crosses 
its path is overgrown and overpowered. Excellent illustrations of this are afforded 
by the Pocillopora corals on the ocean platform of the Island of Funafuti already 
mentioned. The separate branches of* this coral are widely separated ; the nullipore 
does not attack it at the basis of the branches and grow upwards, but expands over 
the surface of the coral from tip to tip of the branches, leaving hollow spaces under- 
neath. These spaces eventually fill up, so that part of the coral which has been killed 
by the overgrowing Lithothamnion becomes a solid mass. Whether this takes place 
by infiltration or by precipitation, or by the actual increase in thickness of the 
L%thothamnio7iy is a geological question. The thickness of an individual crust of 
Lithothamnion noticed at Funafuti varies from a covering too thin to be detected at 
its edges even by touch, to a layer of 1 inch in thickness. A satisfactory determination 
was not arrived at as to whether growth was taking place in thin layers on the surface 
only, or whether the whole thickness was actually living. Certain observations, 
however, to be quoted in the sub-section (6) on the " Rate of Growth," point to the 
former method of growth. 

(2) Halimeda. In regard to the mode of occurrence of these algae, the roundish 

♦ *Linnean Soc. Journal,' Zoology, vol 28 (1900-03), pp. 1, 161. 

T 
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patches of the eastern lagoon platform, already mentioned in Sub-section (1), indicate 
that, when growing on a surface level enough to allow of an accumulation of loose 
material, the Halin^da builds up on its own debris. One of these patches, when broken 
into, shows the actually living joints, which are indicated by their green colour, to 
occupy only the upper 4 to 6 inches of the mass ; below this the mass is made up of the 
dead, but still connected, joints of the plant, which pass downwards gradually from 
the coarse into the fine Halimeda sand of the bottom of the lagoon. This process of 
heaping up of Halimeda sand is undoubtedly going on throughout the lagoon and on 
the ocean slopes. On the wall bounding the lagoon platform of the eastern rim of 
the atoll it was observed that the Halimeda forms an almost continuous living fringe. 

(3) The Corals and Hydrocorallines, — Of these corals, the mode of occurrence of 
which is of importance in tlie formation of the reef, we have as in the previous 
chapter, (a) Heliopora ccBntlea ; (h) The Millepores ; (c) The Poriies family ; 
{d) Madrepora loripes, and (e) Pocillopora. 

(a) The Heliopora is of primary importance. 

At the present time it is mainly this coral which is laying the foundations for 
further additions to the land in the shape of shoals and platforms in the lagoon. Its 
shoal-like clusters have already been mentioned in Sub-section (1) as occurring on the 
western rim of the atoll. The highest parts of those shoals, or clusters of coral, which 
are still from 2 to 3 fathoms below the surface of low- water spring tide, consist entirely 
of this coral. Once, however, risen to within a few feet of low- water level spring tide, 
their sunamits become overgrown by the lichenous Lithothamnion. The interstices 
between the branches of the coral become filled in, so that finally a continuous and 
compact rock results, with a surface a comparatively smooth plane, which eventually 
reaches the level of low- water spring tide. The rock consists of the stems of the coral 
with which the shoal began its existence, of foraminiferal sand, of the remains of the 
finely branching Lithothamnion and of Halimeda, all bound together by the agency of 
the lichenous Lithothamnion. By this process shoals arising on the edge of the reef 
platform are added to it as solid rock. 

The remarkable uniformity of level of the tops of the reticulating branches of the 
Heliopora, as illustrated by the dead remains in the Mangrove Swamp at Funafiiti 
(see Plate 18) and, but less clearly, on all the lagoon platforms, is due to the surface of 
the water forming a sharp plane of limitation to their upward growth. In deeper 
water where there is no limit to its growth in height the coral expands- irregularly 
upwards as well as outwards. 

A somewhat singular occurrence o£ Heliopora cce^^ulea, growing 2 feet above low- water 
spring tide, was observed in a shallow basin on the reef at the north end of the Islet 
of Amatuku. Both Heliopora and Porites were seen to be growing there in a healthy 
condition. At high tid© the outline of the basin is entirely obliterated, but as the tide 
retreats a distinct rim becomes visible, hemming in a sheet of water, the level of which 
only falls a certain depth with the tide and remains stationaiy during the rest of the 
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Similar patches of the Parites limosa are seen a little to the south of the 
obelisk. These are not so extensive but, being in deeper water and therefore never 
uncovered, they assume a greater thickness. Their upward growth is not interfered 
with by the level of the tides, so that their uppermost portions are not in the same 
plane ; nor does the Lithothamnion as yet encroach upon them. 

In other localities the Porites on the platforms are not seen to form continuous 
masses, but their coralla invariably assume the pancake shape, and have always a 
depression near the centre, varying with the size of the colony. This depression 
contains living Lithothamnion , which forms the centre from which the alga will 
eventually extend over the entire surface of the Porites^ converting it thus into the 
reef rock of the platform. Porites of this definite shape and these habits are met with 
very frequently, but the difference in shape and mode of expansion of these specimens 
as compared with those growing in deeper water points to the fact that their presence 
in these former situations is accidental, while their growth is forced and unnatural. 

Madrepora lorvpes, Brook, and the different varieties of jPoci7/opo?'a, especially the 
species P. ccespitosa, do not merit further description than that already given. 

(4) The last reef-forming organisms, the Foi^aminifera^ were not studied by me.* 



(5) Reef' Destroying Organisms. 

In the case of the living corals no organisms were observed to burrow in, or to feed 
on, them, so as to cause their destruction, or otherwise interfere with their growth. 
The branching corals are particularly free from any such attacks. The massive corals, 
such as Porites, and of the Hydrocorallinse, the stout Millepora complaruitay almost 
invariably harbour molluscs, both bivalve and of the tunnel-forming type, together 
with commensal cirripedes. But all of these, more or less, remain stationary, and do 
not interfere seriously with the welfare of the coral, though they, of course, enlarge 
the tube or cavity in which they live at its expense. 

The Lithothamnion rock, however, especially on the eastern rim, is interfered with 
by burrowing organisms to a great extent, so that these must be a considerable factor 
in the economy of the reef. The chief of these destroyers is a Geph3rrean and an 
Aspidosiphon which is from 2 to 3 inches in length, but very thin, and possesses a 
long retractile proboscis by which it is seen at low tide to feed off the Lithothamnion 
covered rock immediately surrounding its abode. By these the eastern ocean 
platform near the edge, indeed the entire Lithothamnion zone, is literally riddled. 
A small piece of tlie reef rock a few inches in diameter when broken off will show 
as many as 10 or 15 of these animals, and, before it can be quite severed from the 
rest of the rock, the bodies of these have either to be dragged out of their habitations 
or to be separated. 

* See Mr. F. Chapman's description, * Linnean Soc. Journal ' (Zoology), vol. xxviii. (1900-03), pp. 1, 161. 



142 MR. A. E. FINCKH. 

instruments and apparatus, upon the nature of which it is hard to decide before 
becoming familiar with the work on the spot, when, of course, every opportunity of 
obtaining the necessary apparatus is gone. As it Avas, we employed such as was on 
hand, viz., a steel-yard, capable of weighing from 5 up to 120 lbs., ordinary scales 
capable of weighing from ^ oz. up to 4 lbs., and an apothecary's scales capable of 
indicating a difference of 5 grains. Besides these instruments, rules and callipers were 
available. 

The experiments were carried on in the neighbourhood of the drill camp on the 
main island, both on the lagoon and ocean platforms. This locaHty, unfortunately, 
turned out to be the least favourable spot that could possibly have been selected on 
the atoll for this work, both on account of the scarcity of coral, and the total 
absence of such forms as the Heliopora and the branching and knobby varieties of 
LithotJiamnton, which from their importance as reef builders called for special investi- 
gation. The eventual discovery of localities on the atoll eminently suited for the 
work, such as Fualopa and Pava islets, was not made before a considerable time had 
elapsed, when it was too late to begin a fresh series of observations. 

In spite, however, of these drawbacks, the results obtained are decidedly interesting, 
although it is to be regretted that no information was obtained in reference to the 
above-mentioned species of Lithothamiiion, both of which, from their mode of growth, 
are much more suited for the purposes of measurement, than the lichenous form. 

In regard to the weighing, the chief difficulty arose from the fact that broken-off 
pieces of the organisms had to be experimented upon, and these, in order to be 
secured, had to be placed in boxes, so that, although they were kept in the same 
locality, yet the conditions were by no means natural. As to the scales themselves, 
only the largest were suitable for weighing the coral while immersed in water, so 
that, as far as the smaller pieces of coral were concerned, this method of weighing had 
to be abandoned. The weighing in all cases, however, was carried out under identical 
conditions, the water being allowed to drain off for the same length of time. Thus, 
the results may be looked upon, in spite of this drawback, as fairly accurate. 

Measuring was much more easily carried out. It gave better and certainly more 
accurate results. But, considering that the experiments extended over less than 
five months, only the fast-growing specimens were expected to show an increase of an 
order such as could be detected by this means. 

Altogether the following corals and alg8B were experimented on, and data therefrom 
inferred,* Porites limosa^ the yellow Porites of the lagoon platform ; Hydnophora 
microco7ia, Astrceopora ocellata, Pocillopora paucistellata, P. grandis^ P. verrucosa^ 
Millepora complanatay M, alcicornisy and Montipora incognita. Of the calcareous 
algee, Ilalimeda and lichenous Lithothamnion were placed under observation. 

* For the specific determination of these corals 1 am indebted to the kindness of Mr. THOMAS 
WHrrEi.KGGE, of the Australian Museum, who described the corals obtained by Mr. C. Hedlet during the 
Fiuiafuti Expedition of 1896. (Australian Museum. Memoir III. Part 6, pp. 349-368.) 
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(1) Parite^ limosa. A considerable block of this coral, which was dead at its base, 
and could therefore be detached from the reef rock without in the least interfering 
inith the live portion, was secured by fastening it to a board, and then the whole was 
lowered into about 3 fathoms of water at high tide, the same depth from which it was 
obtained. The piece had been obtained near the spot where the experiments were 
carried on. By means of a rope attached to a float the coral could be hauled to the 
surface for examination whenever required. It, together with the board and attach- 
ments, weighed, under water, 22 lbs. at tlie commencement of the experiment. At 
every weighing botli coral and board were scrupulously freed from the sediment, crabs 
and molluscs, which were continuously settling on them. 

Throughout the four months during which this coral was under observation a steady 
increase of weight, amounting to 47*27 per cent, per annum, was experienced.* 

(2) Hydnophora microcoria. This coral has a peculiar encrusting tendency and 
is often found growing over dead portions of its own corallum. A piece well suited 
for measuring purposes was discovered on the ocean platform near the drill camp. 
The living coral was spreading from two sides over a dead piece. When first inspected 
the two approaching sides were distant 3 thirty-seconds of an inch. After 55 days 
they had met. If we assume that the two sides were approaching at the same rate, 
growth to the extent of 1 inch in 39 months was indicated, t 

(3) Astroiopora ocelhita. A specimen of this coral was under observation. Certain 
areas were pinned out by means of glass pins so that any possible expansion might 
be traced. Not the slightest increase in the areas was noticed. It was observed, 
however, that new calices were forming in the intervals between those already 
existing Certain of these, while at first indicated by mere punctures, had after 
three months attained very nearly to the size of the functional calices. This coral, 
like, as it seems, all other forms, increases laterally in the shape of a thin expansion 
at its free edge immediately where it overlies the dead foundation on which it grows. 
Although this fact was noticed, measurements were unfortunately not taken,]; 

(4) Pocillopora grandis. A young corallum of this species, about 2 inches in 
diameter, was kept under observation in situ on the ocean platform. This specimen, 
which is preserved in the collection, shows well the above-named method of 

* The following are the details of this increase : — 

Weight in lbs. 
avoirdupois. 

August 1, 1898 22 

August 26, „ 23J 

September 9, „ 23J 

September 12, ,, 23 J 

October 8, 24i 

November 14, ., 25 

t This specimen was preserved, and has been forwarded to London. 
I This specimen also was preserved, and has been forwarded to London. 
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expansion. Measurements were taken in four different directions, and these indicated 
an average rate of extension of remarkable rapidity, t.e., 1 inch in 13;5 weeks. 

(5) P. verrucosa. At the time of the commencement of the experiments no 
specimen of this species was found large enough to allow of its being weighed under 
water on the heavy calibre scales, which alone are suited for such work. Resort, 
therefore, was had to fragments, and these, to suit the scales, could not be more 
than 500 grains in weight. Here, as in all cases where small broken-off pieces were 
used, a most startling increase was noted. In this one it amounted to 150 per cent, 
per annum. 

In reference to this and all other similar large increases, it must be stated that on 
aU broken-off pieces the entire fractured surface was found to become rapidly coated 
by a continuation of the general fleshy coenosarc of the coral, a coating which soon 
gave rise to polyps, so that the increase in weight is by no means due to a natural 
growth of the coral. The fractured surface gave an additional area for growth which 
was not present under natural conditions. This undoubtedly indicates that the 
method of weighing is, under these circumstances, by no means a trustworthy source 
of information in regard to the rate of growth. 

(6) P. paucistellata. In the case of this tiny coral a similarly large increase was 
experienced. For the reasons above stated not much importance is to be attached 
to the result. 

(7) Montipora incognita. A specimen of this mushroom coral was kept under 
observation. Measurements in three different directions showed an average increase 
of 1 inch in 35*7 weeks. In one of the directions measured the increase in three 
months was as much as half an inch.* 

(8) Millepora alcicornis. This branching stinging Millepore offers great facilities 
for the observation of its growth. When its smooth lateraUy-compressed branches 
come in contact with an opposing one, firm imion takes place. Between such 
approaching surfaces very accurate measurements can be taken. An average increase 
of 1 inch in 34*7 weeks was observed. 

Besides actual growth, this hydrocoralline was noted to have a marked tendency 
to coat, with its own calcareous material, any object with which it comes in contact. 
The specimen, on which the above growth was determined, in two months completely 
covered the cord by means of which it had been fastened down. On the same piece 
some fragments of Halimeda, which had become entangled in it, were entirely 
coated over.t 

(9) M. complanata. This massive ridge-like hydrocoralline was unfortunately not 
of frequent occurrence near the camp. The small broken-off pieces obtained showed 
an increase of 16*5 per cent, per annum. This result was not considered satisfactory, 

* The specimen is in the collection forwarded to London, 
t The specimen is in the collection forwarded to London. 
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since the pieces did not seem to be thriving after they had been removed to the place 
of observation. 

(10) Of the Lithothamnion, experiments were made only on the lichenous form. 
It was not found possible to obtain even the slightest indication of increase during 
five months of patient observation, by any one of the methods adopted, viz., by 
measuring between the opposite points of the channels on the platforms, by the 
insertion of glass pins and rods, by the employment of markings and scratchings in 
the Lithothwnmion substance, by the implanting upon it of foreign objects, so that 
the growth indicated by strength of cohesion might be noted, and by sundry other 
means. 

Certain information, however, was gathered which, although it throws no light on 
the rate, yet makes clearer the mode of growth of this alga. 

Its landward limit is, as elsewhere stated, the wash of the waves of low- water 
spring tide. Occasionally one finds, just outside the limit, isolated patches from 
1 to 6 inches in diameter, which, like the rest, are of a bright pink colour, and 
very well defined fi:om the remainder of the reef rock. Yet so extremely thin are 
these growths that it is quite impossible to feel, much less to measure, their thick- 
ness, and were it not for their colour there would be nothing to indicate their 
presence on the platform. Several of these patches were measured from week to 
week, and an average growth of expansion of 1 inch in 10 months was determined, 
while in one instance an extension outwards at the rate of 1 inch in 6*56 months was 
shown. 

Again, on several occasions the weather at spring tide was exceedingly calm, so 
that the wash at lowest ebb did not reach up to its usual mark, with the result 
that considerable areas of Lithothammon, especially on the mounds surrounding the 
heads of the channels in the seaward face of the reef platform, remained quite dry 
and exposed to the sun for upwards of an hour. This exposure caused them to turn 
completely white, indicating thereby the death of the alga so affected. After a few 
days, however, the pink colour began to reappear, always having for its starting point 
some notch in the edge of the white patch, or some slight hollow, or small hole in 
its mass. Growth fi-om these centres would proceed concentrically until, eventually, 
the several advancing portions met and again completed the sheet of colour. This 
would occupy less than two weeks. Several specimens of this kind, showing the dead 
and regenerating portions, were preserved in spirits, formalin and glycerine. 

Extremely minute as it is, the growth indicated by the two above-mentioned 
observations must mean in years an addition to the atoll. Indeed, it seems quite 
possible that the mounds so conspicuous at the ends of the channels, in the very 
places where the above-mentioned observations were made, are partly due to this 
growth of layer upon layer of new material.* 

(11) Halimeda. Of the other Algae this great debris producer received special 

* Foraminifera, such as Polytrema and CarjMmteriu, contribute largely to form these mounds. 
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attention. All methods that could be devised were adopted to obtain some idea as 
to its rat© of gi-owth. Oue experiment, however, the starting point of which was 
a mere accident, proved so siiccessiul as to cause all others to be abandoned. It gave 
all the information desired. 

One of the boards employed as suppoits for the comls under observation had a 
number of holes bored through in order to decrease its buoyancy. On lowering it 
one day it was accidentally allowed to rest on a cluster of Halimeda. Shortly 
afterwards it was noticed that a small branch of this seaweed was protruding through 
one of the holes. The Ixiard was then allowed to remain in that position for six 




:ks' growth of llalimc'ki. 



weeks, at the end oi" which time this branch had pi-oduced on the board, above the 
hole, a clustei- of Halimeda some 8 inches in height and of an equal thickness. On 
drying, the piece represented 14"38 gmmmes of calcareous matter. This remai-kabiv 
rapid growth seems quite to agree with the presence) discovered duiing the lagoon 
boiings, of the enoraious beds of Halimeda remains in the lagoon. 

As regards the coiula, the rate of gi'owth noted is cousideiable enough ta be 
appreciable from year to year, indeed large enough to cau.se constant alterations in 
the contour and the size of coral islands. Yet, so far as can be ascertained, no changes, 
due to such gxwvth, have taken place on' Funafuti or on any of the islands of 
the Ellice or Gilbei-t gi-oupa since their discovei-y. In regai-d to this apparent 
contradiction the following explanation might be given : — Every species of coral, like 
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every animal and plant, has a limit to its growth, that is, as far as the individual corallum 
is concerned. Thus PocUlopora grai^dis, the species on which such rapid growth 
was observed, was never met with much above 12 inches in diameter. So that the 
rate of growth determined seems merely to indicate the time required for the 
attainment of what may be termed the adult size. 

In the preceding pages an attempt has been made to show that corals are 
not active reef builders. A coral, once established, adds to the coral island 
by its growth only in the same way as a tree, once established, adds by its 
growth to the extent of a forest. The growth of the coral island cannot be 
estimated by the rate of growth of the individual corallum, for, unless a coral, 
no matter of what dimensions, be used by the Litlwthamnion as a foundation 
for its growth and be cemented by it to neighbouring corals, &c., it cannot 
enter as a whole into the formation of the reef rock of the island, although 
what is left of its fi-agments after its general decay may help to form the non- 
consolidated dry land. On the other hand, if a corallum be taken possession of by 
the Lithothamnion y which will cause eveiy intei'stice, as well as every space between 
the branches, if present, to be transformed into one solid mass, it will be the initial 
cause of a solid addition to the coral island, to the extent of its bulk at the time 
when the Lithothamnion had succeeded in over-growing it. And this bulk will 
depend entirely on the age of the coral when overgrown, since in the young state 
it will be small, in the older, larger. 

Considering that it has been proved that the growth of the coral is so much 
more rapid than that of the Lithothamnion, the question may be put. What is there 
to prevent any corallum from attaining its adult size ? While the Lithothamnion is 
encroaching upon it from one side, plenty of time would be available for extension 
of the coral to take place in the opposite direction. Although no reason whatever 
could be discovered, it seems to be the fact that a coral once attacked by the 
Lithotha/mnion remains stunted ; for even quite small coralla, of P. grandis for instance, 
were met with completely encrusted. 

As to the conditions, favourable or unfavourable, to the production of numerous 
individual coralla, as distinct from the rate of growth of individual coralla, nothing 
whatever was discovered. Those great factors, to which one naturally looks, ocean 
currents and the direction of the trade-winds, appear to have nothing to do with it, at 
least at Funafuti. It is to be regretted that no more definite statement can be 
made in regard to Lithothamnion growth. The estimate, however, of its extremely 
slow growth, seems to be confirmed by the fact that only on rare occasions is the 
Lithothamnion met with in a state which indicates that the deepest laminae are of 
recent origin in layers more than three-quarters of an inch in thickness. 

It may be stated here that on some of the Gilbert Islands, Onoatoa for instance, 
a very thickly digitated Lithothamnion seems, in places, to be forming the entire 
ocean platform. These islands were visited on the home journey of the Expedition^ 

u 2 



148 MR. A. E. FINCKH. 

but a stay of often only a few hours at one particular island did not allow of minute 
examination. 

To future investigators into the question of Lithothammon growth it might be 
suggested that attempts should be made to fasten down on to flat surfaces of living 
Lithothammon fairly thick glass plates with holes of varying sizes. It will be found 
that the Lithothammon immediately in contact with the glass will perish, while it 
will continue to grow upwards in the holes. So that if the thickness of the plates 
is given, the growth might be estimated after a number of years. The plates might 
be fastened down to the reef rock by means of short glass legs cast in one piece with 
the glass plate. 

(7) Experimerds On: — (A) Exposure of Coital and Lithothammon to the San. (B) 
Amount of Carbon Dioxide in Lagoon and Ocean Water. (C) Evolution of 
Gases by Coral. (D) Observations on the Temperatures of Water. 

(A.) 'i'he experiments in connection with the amount of exposure to the sun*s rays 
which coral and Lithothamnioti Rve capable of enduring were carried out systematically 
only in the case of Pointes limosa (the common species of the lagoon platform), 
Pocillopora verrucosa and P. grandis of the ocean platforms and of the lichenous 
Lithotham^nion . 

Of these the Porites alone were able to withstand exposure beyond a very limited 
amount of time. They were found to be unaffi?cted by an exposure of as much as 
twelve hours, by which time the coral seemed perfectly dried up, yet on replacing it in 
water the polyps revived and continued to live. All the other forms were dead after 
less than two hours exposure, immediately after they had become dried up externally. 
Death was indicated in the case of the coral by the shedding of the gelatinous coating, 
in the case of the Ijithoth amnion by the disappearance of the pink colour. Certain 
specimens of P. venmcosa were exposed in their upper parts only, while the main 
stem was still immersed. Tlie result was that they were destroyed exactly down to 
the water line. 

The results of these experiments agreed with inference from general observation, 
that the Porites alone were able to survive exposure to the sun. This exposure took 
place at low- water spring tide in calm situations where the waves did not wash over 
them. Other corals were found above the low-water spring tide only in situations 
where they were washed by successive waves. The external gelatinous coating of the 
Porites seems much thinner than that of other corals, a circumstance which may play 
some part in their power of resistance to the sun and air. During these experiments 
it was evident how very necessary a constant supply of fresh sea- water is to the coral 
Specimens were kept in enamelled basins for purposes of observation, but it was found 
invariably that, even when the water was changed every three to five hours, they did 
not survive the second day. 
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(B.) Experiments on the amount of carbon dioxide in the water of the lagoon and 

the ocean. 

The method of dealing with this question was, for the want of better appliances, a 
somewhat rough and ready one. Yet, since the experiments were carried out on the 
same lines, the results, for purposes of comparison, may be considered accurate. A 
saturated solution of lime-water was added to the water to be treated in the propor- 
tions of one of the former to three of the later. The lime was obtained by burning 
coral fraoTTients in the furnace of the boiler of the drill machinery. 

The amount discovered in the water of the ocean is large, and its presence there, 
especially at the greater distance from islands, cannot be attributed to decaying coral, 
and the difference in the amount of carbon dioxide in the ocean and lagoon respec- 
tively is so slight as to make it improbable that more solution of the reef-rock is 
taking place inside than outside the reef In an enormous lagoon like that of Funafiiti, 
where, especially at high tide, communication between ocean and lagoon is so 
extensive, one would hardly expect much difference in the carbon dioxide contents. 
But the fact that so much of this gas is present in the water of the ocean suggests 
that if it is a factor in the solution of the reef, then it must act on the ocean face as 
well as in the lagoon. 

(C.) Experiments on the evolution of gases by coral. These were carried out on 
the suggestion of Professor T. W. Edgeworth David, who had read Mr. Gardiner's 
remarks on the subject in his paper on the coral reefs of Funafuti, Rotuma and Fiji."^^ 

The determination of the evolution of gases by organisms of so low a development 
as corals is in itself a difficult task and one hardly to be attempted in places 
where it is a matter of impossibility to keep everything under the necessary control. 
So that results obtained in the field by makeshift apparatus can hardly be looked upon 
as conclusive in a matter of such great importance as the possible evolution by an 
animal organism of gases other than carbon dioxide. 

This is what was done. An attempt was made to collect the gases, as they were 
given off, in bottles fixed over inverted funnels. The latter were fastened to boards, 
which, by means of legs, could be placed over coral. From the start the possibility of 
obtaining gas was considered very small. A coral, PociUopora verrucosa, with its 
polyps fully extended, was watched in glass jars upwards of an hour at a time, during 
which not more than one or two of the minutest bubbles were seen to rise to the 
surface, and they might easily have been air bubbles which had adhered to the coral 
during its removal from the sea to the bottles. Further, the gases as they were evolved 
might be immediately dissolved by the surrounding water and hence not discoverable 
by the above method. The only sure one would be an analysis of the water before 
and after the corals were placed in it. 

Then arose the difficulty of finding growing coral which w^as not closely associated 

♦ 'Cambridge Phil. Soc. Proc.,' vol. 9 (1895-98), p. 483. 
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with seaweeds, either Lithothamnion or the green species, the presence of which 
rendered the results somewhat vague, since any gas collected might have arisen from 
either the coral or the plant. In all cases where the absence of seaweed was assured, 
as in that of coral placed in boxes, and some pieces growing on the sandy bottom of the 
lagoon, absolutely no gas was obtained, although the bottles were in position more 
than two weeks at a time. The only case in which gas was obtained was that of an 
Astr^n coral which was growing on Lithothamnion.'^ 

(D.) Observations on the temperature of the sea water surrounding an atoll. 
The following few observations were taken at Onoatoa, in the Gilbert group, by means 
of a minimum thermometer kindly lent me by Mr. H. C. Russell, F.R.S., during 
dredging operations about 1^ miles off the shore, on November 25th, 1898. 

Temperature of air at the time (10 o'clock a.m.), 86° Fahrenheit. 

Surface water : 81° F. At 60 fathoms, 80° F. 

At 17 fathoms, 81° F. At 90 fathoms, 72^° F. ■ 



* The glass flask in which this gas was collected was unfortunately broken during transit. 
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composed chiefly of detrital Halimeda with fragments of shells, intermixed with a 
little seaweed. Dredgings made elsewhere in the lagoon at depths not exceeding 
12 fathoms showed that coral detritus (mixed with that of Liihothamnioa) pre- 
dominated in the sand-like material, giving place to Halimeda detritus, as already 
stated, at greater depths. Nowhere was any solid rock met with inside the lagoon 
except along the shore line or at the shoals and coral patches where the depth did 
not exceed a few fathoms. 

As regards the dredgings outside the reef, we used ordinary iron dredges, a 
powerful and heavy toothed iron crown, kindly supplied by Professor Haswell, sand 
pumps, a conical steel l)ucket and a chisel-edged drill, together with hemp tangles. 
The first two appliances could not be worked satisfactorily with the power at our 
disposal, the result of attempts to drag the dredges or the iron crown being that 
sooner or later the rowing boat became firmly anchored by them, and eventually these 
appliances and much rope were lost, though in the meantime they enabled us to secure 
a fair amount of useful material. 

As regards the collections of specimens from the submarine slope of the atoll, we 
were most successful when working with a heavy steel chisel suspended by a strong 
but light rope. The chisel weighed about 80 lbs. and a tangle of hemp was attached 
to it in the manner re})re8ented on Plate 19. By alternately raising and dropping the 
chisel, by means of the rope, pieces were broken off in siHc fi'om the steep face of the 
reef, and some of them were arrested and retained by the tangles as fast as they were 
loosened by the chisel from the surface of the submarine slope. It was found possible 
to carry on this work successfully to a depth of 200 fathoms, but at that the 
task of hauling up by hand the heavy drill and tangles to the boat involved serious 
loss of time, and in rough weather was diflScult to accomplish. A heavier drill would, 
we are sure, have been more successful, but the power available in a rowing boat is, 
of course, limited, and it is impossible for oarsmen to drag a heavy weight along a 
bottom like that of a reef face at depths of more than 200 fathoms. The two foremen, 
Wells and Herbert, brought from Sydney for the lagoon boring operations were 
invaluable here, as they were both sailors and good oarsmen, but the boat was heavy, 
the weather w as hot and the work was hard and continuous, so that the progress 
often seemed slow and the results altogether disproportionate to the labour expended. 

The conical steel bucket (Plate 19) when pulled up from a depth of 200 fathoms was 
frequently found to be full of sand-like material largely formed of comminuted 
fragments of coral about the size of peas together with foraminiferal shells and joints of 
Halimeda, Among the former Cycloclypeus was abundantly represented. We obtained 
both live and dead specimens of this type on the ocean side of the reef, at depths 
varying from 46 to 200 fathoms, but in the lagoon its shells were extremely scarce 
and no live specimens of this genus were observed. Similar sand and small fragments 
of coral were also obtained at depths, not exceeding 200 fathoms by some of us 
(Messrs. Poole, Woolnough, and David) off Pava and Fuafatu ; at Pava calcareous 
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saud was fairly abundant at 40 fathoms. As regards the distribution of this sand 
and fine rubble generally on the submarine slope of the atoll, it would appear that it 
is absent for the most part from a little below low tide down to about 20 fathoms, 
wave action being probably sufficiently effective above this level to wash the fine 
detritus down from the upper part of the reef slope into the deeper water. A glance at 
the submarine contour of the atoll shows that at about 45 fathoms its submarine 
slope steepens suddenly from an angle of 25^ or 30° up to 50°, 60°, or 70°, in 
places even becoming vertical. Hence the Halimeda zone is limited downwards 
to the depth of about 45 fathoms.* On this steep slope below 45 fathoms it might 
be thought impossible for any sand or fine rubble to lodge, but as a matter 
of fact we found that off Fuafatu the former occurred in small pockets even 
at depths of 70 fathoms, where the angle of slope was 70°. As living horny alcyo- 
narian corals, belonging to the Gorgonidse, were so abundant on this steep slope, 
between 40 and 1 00 fathoms, as to form a low scrub, it seems probable that they play 
an important part in arresting the sand and fine rubble in its downward progress. 
Numerous small projections likely to entrap rolling sand are also formed by lumps of 
living Lithothamnioii, bristling with Folytrema and encrusted by tubes of SerpulcB, 
skeletons of Polyzoa, valves of small lamellibranchs, especially Spondylus, &c., as 
well as small solitary sea corals. 

Here and there too, on this steep slope, loose flattish pieces of reef rock were found 
varying in size from a few inches up to 12 inches in diameter. Such fragments, 
entangled temporarily amongst the horny stems of the alcyonarians, would form 
traps for the foraminiferal and Halimeda sand descending fi^om above. They would 
then, in common with the sand at their back, become overgrown by deep-sea 
organisms, particularly by the encrusting variety of Lithothamnion, until the whole 
of the fragmental material had been firmly cemented to the face of the submarine 
slope of the reef Each fragment brought to the surface from these levels was a 
perfect curiosity shop of encrusting organisms. It was from such a one that 
Mr. Hedley obtained his specimen of the rare brachiopod T/iecided maxilla. 
He states in regard to itf : '* This species was attached in considerable numbers, 
horizontally, pei-pendicularly, or obliquely to loose sheets of dead coral, which I 
pulled up by tangles in 40 to 80 fathoms on the western slope of Funafuti." Living 
specimens of the brachiopod Crania were also occasionally found off Falefatu and 
Tutanga at depths of 38 to 200 fathoms. 

The fact that most of the loose fragments secured by us from the steep slope were 
flat in shape is, we think, significant. Such fragments would slip down slowly 
with an oscillatory or '* butterfly " movement, like that of a coin sinking in water, 

* This growth limit is no doubt chiefly due to the fact that being a green plant it cainiot live below 
45 fathoms, as the red and yellow solar rays which it needs for decomposing CO2 and manufacturing 
chlorophyll are probably absorbed at depths greater than 45 fathoms, as FoL and Sarazin have shown. 

t Australian Museum, Sydney. Memoir III. Part 8, 1899, p. 509. 
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and so would be much more liable to be arrested in their downward progress by such 
a comparatively small obstacle as the horny stems of the Gorgonidse, than would 
cubical and rounded fragments which would fall quickly to the base of the submai-ine 
cliff. As the nature and mode of origin of this submarine cliff, so characteristic of 
this as of many other atolls, appeared to us of extreme interest, we devoted more 
time to its study than to that of any other part of the submarine slope of the atoll. 

Notwithstanding the small projections of Lithothamnion and the alcyonarian 
"scrub" above referred to, the general surface of the reef slope, between 45 and 
140 fathoms, must be fairly smooth, as is proved by the fact that we repeatedly 
di'agged our dredges over this part of the slope without their becoming foul, and we 
were even able to drag the big iron crown with its circle of teeth (each about 4 inches 
long) over the whole surface without its becoming entangled. This coral atoll 
accordingly aflfords us the remarkable feature of a neai'ly vertical wall 500 to 600 
feet in depth, largely fragmental (at all events as regards its surface), which is being 
constantly added to, and which thus enlarges its periphery oceanwards, though at 
an extremely slow rate. We, of course, realised the importance of ascertaining what 
were the materials composing this cliff' face, but as it was not practicable to moor 
a boat outside the atoll with a view of attempting to bore into this slope, we had to 
content ourselves witii breaking oft' pieces by percussion with the heavy steel chisel, 
aud recovering them simultaneously by means of the hemp tangles in the manner 
described above. 

It may be mentioned that in the course of about two weeks' work in the aggregate, 
we never once obtained a specimen of what we might consider a piece of ancient 
ccnal reef rock. We had thought it possible, for example, that we might have 
secured fragments of some Tertiary rock like Orbitoich.H limestone or nummulitic 
limestone from the deeper levels, but nothing whatever of this nature was obtained. 
All the specimens collected by us were recent, mostly either a mass ot partly 
living organisms or rolled fragments of reef rock shpped down from higher levels and 
cemented on to the steep face by Lithothamrdon, Polytremay Serpulce and Polyzoa. 

At the foot of the steep slope, at a depth of from 110 to 140 fathoms, our dredges 
frequently became foul. The material collected, whether with the sand bucket, or 
the sand pump, or the chisel and hemp tangles, was, however, very similar to that 
obtained from the steep clift* face. The same remark applies to our collections from 
still deeper levels, down to over 300 fathoms. As already stated a good deal of sand 
was found at or near the 200-fathom level. 

On the whole the results of our dredging between 140 and 200 fathoms appeared to 
supply evidence not inconsistent with the view already expressed by Professor Sollas, 
that the convex outward curve in the contour of the atoll (as seen in section) for a 
short distance below the base of the submarine cliff, is due to an accumulation 
of fragmental material fallen over the cliff, and now forming a talus at its base.* 

* * Nature,* vol. 55, February, 1897, p. 375. 
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Of the encrusting types of foraminifera, Polytrema planum and P. miniacenm 
are abundant, as well as several species of Carpenteria. Polytrema planum in 
particular is quite an important rock builder on the ocean submarine slope of the 
atoll, as described by Mr. F. Chapman.* 

Mr. Chapman t aptly compares the large white flaky masses of Polytrema planum, 
many specimens of which we dredged from the ocean slope, to the nest of the wasp 
{VesiDa). Much of the frothy white material (like spongy plaster-of-paris), which 
plays such an important part in cementing the sand and fine rubble on the ocean slope 
of the reef down to at least 200 fathoms, has now been proved by Mr. Chapman to be 
Polytrema planum. At the time we dredged it we mistook it for dead Luhothamnwn. 
A certain amoimt of living Lithothamnion was in most cases associated with it. 

In addition to the Cycloclypeus, another organism of bathymetric value is the 
pteropod. This was sufficiently abundant to form a deposit almost amounting to a 
pteropod ooze at a depth of about 200 fathoms, and occurred in some abundance at 
a rather less depth, being met with in our dredgings from depths of 80 fathoms down 
to 200 fathoms.J In this case also it might be argued that an absence of pteropod 
shells from the core at a depth as great as 186 fathoms (the maximum depth attained 
by the bore) argues subsidence. With a stationary or rising floor it must be 
assumed that, if the reef rock of the core was formed on the ocean side of the atoll, 
the pteropods were never able to occupy this in numbers sufficient to produce 
pteropod ooze, and if on the lagoon side, that this part of it had originally the 
extraordinary depth of 186 fathoms, both of which are very improbable hypotheses. 

(2) As regards the distribution of Lithothamnion , while on the western side of 
the atoll branching and knobby varieties are extremely abundant in the shallow 
water from the level of low-water spring tide to a few feet below that level, the 
encrusting type of Lithothamnion^ which is of universal distribution around the 
ocean face of the atoll, lives from low-water spring tides down to at least 200 fathoms. 
As already stated, it is the great cementing agent which binds together into a 
compact rock the sand and rubble of the ocean slope of the reef as well as that of 
the shores of the lagoon below low water. Its red colouring matter (phycoerythrin ?), 
as FoL and Sarasin and others have shown, no doubt enables it to live at depths 
too great for the red or yellow rays of the solar spectrum to i)euetrate, and far 
below the zone of green plants, like Halimeda. Although this encrusting Litho- 
thammon is a slow grower, still it would be hard to over-estimate its importance as 
a former of reef rock. The question here suggests itself, is there any evidence derived 
from an examination of the Lithothamnion of the submarine cHff which would enable 

depth than 30 fathoms, the same species was found off the Tonga Island at 20 fathoms, and on a piece of 
the reef coral Turbinaria from the Mauritius a specimen was found, which presumably lived at the s<ime 
depth as the coral."— -En.] 

* *Linnean Soc. Journ.,' Zoology, vol. 28 (1900-03), pp. 387-396. 

t IhUf., p. 391. 

J Australian Museum, Sydney. Memoir III. '' The Atoll of Funafuti." By C. Hedley, p. 549. 
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Halimeda alive from a depth of 40 fathoms off Funamanu, on the south-east 
side of the atoll. Sand composed of joints oi Halimeda was collected by us in more 
or less abundance in all our dredgings, off Pava, Fuafatu, Tebuka, Tutanga and 
Funamanu. Mr. Finckh considers the downward limit o( Halimeda at Funafuti to 
be about 45 fathoms. He records a single instance of it being brought up alive in 
the tangles from a depth of 86 fathoms. This was off Tutanga. It may be mentioned, 
however, that during the dredging done at Funafuti in 1897, Halimeda was never 
found alive much below 40 fathoms. In view, therefore, of the strong evidence in 
favour of a downward limit for its growth of about 45 fathoms, we are inclined to 
believe that the s])ecimen dredged from 86 fathoms was probably not in situ. 

If the distribution of Halimeda at Funafuti be briefly summarised, it may Vje 
stated that this alga lives from a foot or so above low-water spring tide down to about 
45 fathoms below sea-level. It grows luxuriantly and rapidly, chiefly in the sandy 
floor of the lagoon (\vhich Mr. Halltgan^s bore proves to be covered, to a depth of 
at least 80 feet, chiefly with sand composed of joints o{ Halimeda), and on the sandy 
submarine slope of the atoll on the ocean side just above the top of the submarine 
cliff. In fact the Halimeda forms a continuous green belt on the outer slope of the 
atoll betw^een depths of 20 and 45 fathoms. 

(4) Corals. In tlie earlier part ot this Memoir, Mr. A. E. Fixckh has already 
recorded his personal observations on the distribution of the corals at the shallower 
levels. Mr. J. Stanlky Gardinkr has given detailed descriptions of such corals,* 
as has also Mr. T. Whitelegge of the Australian Museum, Sydney. t Here 
then we shall give only a brief summary of the results of our dredgings in the deeper 
w^ater, chiefly from a depth of about 20 fathoms down to 200 fathoms. Most of our , 
dredging was done on the western side of the atoll, and here we found that 
Madrepo7\i loHpes, which is described by one of us (A. E. Fikckh) as being very 
abundant and characteristic of this part of the atoll, occurred alive, off Funafuti Island, 
down to depths of about 1 to 15 fathoms. 

With regard to Heliopora ccm^lea, which forms such extensive living masses in 
the Funafuti lagoon, in its northern, southern and western portions, it is smgular 
that we did not obtain a single living specimen of it in our deeper dredgings from 
20 to 200 fathoms. Careful examinations by one of us (A. E. Finckh) with a water 
telescope off Fuamanu, Falefatu and Funafuti main island, opposite the diamond- 
drill camp, failed to reveal the presence of any living Heliopora creridea on the 
submarine slope of the atoll facing the ocean. 

Mr. Gardiner, as stated above, records having dredged one small piece of 

♦ *Proc. Zool Soc.,' London, 1898, pp. 257-276, Plates 23 and 24; pp. 525-539, Plates 43-45, and 
pp. 994-1000, Plate 62. A report on the Gorgonacean Corals, collected by Mr. Gardiner, by 
IsA L. Hn.ES, B.Sc, is given, ibid., 1899, pp. 46-54, Plates 1-4. 

t Australian Maseum, Sydney. Memoir 111, pp. 211 and 305. Plates 16-18 (Alcyonaria), and p. 347 
(Madreporaria). 
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SECTION VIII. 



REPORT OF LAGOON BORINGS. 

By G. H. Halligan. 

In the early part of the year 1898, Professor T. W. Edgeworth David mentioned 
to nie some of the difficulties which he encountered when trying to sink a bore in 
the lagoon at Funafuti, and deplored the waste of time and energy in the unsuccessful 
venture. 

As I had been for some years in charge of all borings in connection with harbour 
a.nd bridge works in New South Wales, a large part of them being carried out 
fit)m floating pontoons, and imder circumstances somewhat similar to the work 
required to be done at Funafuti, I suggested that the gear found so useful here 
might be efficacious there. Borings had already been carried out without difficulty 
to a depth of 184 feet through mud, sand, clay, and hard shale, from a punt moored 
in 88 feet of water in the harboui' of Port Jackson, and as the chart showed 
17 to 18 fathoms at the site of the proposed lagoon boring at Funafuti, the 
difficulties did not appear to be insuperable. On the matter being mentioned to 
Mr. C. W. Darley, M. Inst. C.E., Engineer-in-Chief for Public Works, under whose 
control are all matters in connection with these borings, he at once gave the 
proposal his warm support, and on receipt of an application from Professor David 
and Professor Anderson Stuart, the Government generously granted the proposed 
expedition the use of all necessary gear and machinery, and approved of my leave of 
absence for about three months to conduct the operations. Plans were prepared of 
punts to be built in sections at the Fitzroy Dockyards in Sydney, and to be conveyed 
to Funafuti, but almost at the last moment it was found that the funds available 
w^ere not sufficient to pay the freight on such bulky goods. The most strenuous 
efibrts were made to obtain subscriptions, but they were unsuccessful, and the lagoon- 
boring seemed as though it would have to be abandoned. However, on the repre- 
sentation of Professor David and Professor Anderson Stuart, the Admiralty kindly 
granted the use of H.M.S. " Porpoise," in charge of Commander F. C. D. Sturdee, 
for this experiment. The punts, though built in sections, w^ere found to be too 
bulky to convey to Funafuti on the crowded deck of a war-ship, so it was decided 
to try to carry out the borings from the bow of the ship. 

As the men on H.M.S. " Porpoise " were quite inexperienced at the work, and the 
time at our disposal was limited, it was decided to continue the boring night and day, 
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and two experienced foremen from the Public Works Department, Messrs. A. Weli^ 
and J. Herbert, were selected in Sydney to assist me. We journeyed from Sydney 
to Suva, in Fiji, in the as. " Ovalau," jirriving on the 8th of August, and after trans- 
ferring our gear and luggage to H.M.S. " Porpoise " we started for Funafuti on 
the 10th at 1 p.m., arriving at the atoll on the 13th at daylight. 

The ship was moored in the position indicated on the chart without any difficulty, 
and the staging rigged and everything made ready on the 13th and 14th, and we 
started lowering the boring tubes on the 15th of August at 6 a.m., in 101 feet of 
water at low-water spring tides. Tlie illustration sliowing the method adopted of 
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Fig. 20. — Boring apparatus on H.M.S. " Porpoise." 



working the boring gear from the bow of the ship, is from a photograph by 
Lieut. Gaunt, R.N., one which T took having been destroyed. The confined space 
we had at our disposal and the inconvenience of working from a hanging stage, was 
against making rapid progress, and had it not been for the ready help afforded by the 
officers and men of the ship it would have been impossible under the circumstances 
to have carried out the work at all. 

Four-inch wrought-iron artesian well tubing was used, having an inside diameter ot 
3| inches, this size having been found capable of withstanding considerable 
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hammering in 88 to 90 feet of water in Sydney Harbour and other places, while its 
weight — about 10 lbs. to the foot — is not of much moment in borings of less than 
500 feet depth. When the tube had been lowered to the floor of the lagoon, and a 
sample of the bottom obtained by the aid of a sand-pump, a flexible rubber hose, 
connected with a 6-in. by 4-in. by 6-in. Worthington steam pump, was attached and 
water pumped down to scour away the mud, sand, or shells, and thus allow the 
tube to sink. x4.dditional tubes were of course screwed on as the work progressed, 
and samples of the strata passed through obtained at intervals, by the tools designed 
for the purpose. The tools used were of a simple character. In this, as in all other 
boring work, success depends more on their intelligent handling than on the tools 
themselves. 

A boiler pressure of 110 lbs. to the square inch was available, but this was never 
required ; from 40 to 80 lbs. being the maximum pressure that could be got on 
the pump cylinders at a deptli of 80 feet below the bottom of the lagoon, while 
at a greater depth not more than from 20 to 40 lbs. could be obtained. The 
coarseness of the coral gravel at the gi'eater depths does not I think wholly account 
for this, for during my experience extending over some years I have frequently 
had to sink through much coarser gravel, and have never had any difficulty in 
obtaining a pressure of from 60 to 80 lbs. on the pump cylinders with similar 
gear. It would appear as though the ocean had freer access than could be obtained 
through the coarsest gravel, but this may be explained by the absence fi'om the coral 
sand and gravel of any mud or fine material, such as is usually found in borings 
in river or harbour beds. 

A depth of 182^ feet was reached at 5.35 p.m. on the day of the starting, the tubes 
passing for the whole of this distance through Halimeda sand with more or less 
fragmentary specimens of shells of marine gastropods and lamellibranchs. Fairly 
numerous blackened remains of plants were observed at intervals in this sand, the 
last five feet of which was so coherent as to necessitate the use of an auger in order 
to penetrate it. At this depth a hard mass of coral was met with, having a thick- 
ness of 18 inches, and requiring the use of a heavy steel percussion drill to pierce 
it. The weight of the tubes was sufficient to enable us, by alternately raising them 
and letting them fall, to fracture this obstacle, which was either a loose slab of coral 
of immense size or coral rock in situ. Experience generally enables a borer to tell, 
from the ring of the boring tool, the difference between solid rock and a boulder, 
unless the latter is very large. In the present case the ring indicated solid rock, and 
the occurrence of a similar mass at a depth of 193 to 196 feet in the second boring, 
which will be referred to later on, certainly suggests rock m situ. 

Below this coral mass we encountered a stratum of coral gravel and sand which 
extended to a depth of 217 feet. The fragments of this coral gravel varied in size 
from that of a pear to that of a walnut, pieces as large as a small hen's egg being 
occasionally met with. They were mostly subangular, and quite unlike the well-rolled 
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ship caused such sudden strains on the hoisting gear that nothing at my command 
would stand. It was therefore decided to unscrew the pipes near the bottom of the 
lagoon, and the ship's diver was sent down to insure that no faulty joint would cause 
the pipes to unscrew above the navigation level, say 30 feet. Fortunately the 
weakest joint in the pipe was found to exist 34 feet from the lower end, so that 
amount of tubing represents the total loss caused by our not being able to draw it in 
the usual way. 

We started to sink No. 2 bore in 101|- feet of water at 3.30 p.m. on the 19th 
August, and found Halimeda sand with fragmentary shells, similar to that described 
in No 1 bore, to 193 feet. At this depth hard coral was met with having soft bands, 
an inch or two wide, at from 4 to 6 inches intervals. This formation extended to 
196 feet, when we encountered coral gravel and sand very similar, as the specimens 
will show, to that described in bore No. 1 . The coral rock or boulder was too solid to 
break with the appliances I had, and the same difficulties of under-reaming presenting 
themselves, as previously described, it was decided to abandon the attempt to sink 
a bore in the lagoon with the appliances then on hand. So at 10 a.m. on the 
20th August we started to pull the tubes up, and at 1.30 p.m. all the gear was 
stowed away, and I reluctantly turned my attention to other matters. 

It is perhaps only fair to mention that the lagoon borings here described were 
undertaken without the least idea of the formation to be expected, and were carried 
out under the most unfavourable circumstances possible. On account of the limited 
funds available, appliances and tools suitable for all contingencies could not have been 
provided, and the limited time at our disposal and the small space available on the 
warship would not allow of diflferent sizes of tubes being used. Added to this the 
inconvenience of working from the bow of a ship already crowded with necessary gear, 
and the total inexperience of the men at this particular class of work, it will be at 
once apparent that, had it not been for the co-operation and energy of the captain, 
officers and men of H.M.S. " Porpoise," the work could not have been carried out at 
all. In connection with this I would like to mention the kindly Jielp and valuable 
advice I received from Mr. A. E. Tomkins, Chief Engineer, who went to a large 
amount of trouble, under exceptionally trying circumstances, to assist the work. 
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SECTION IX. 

PERMANENT REFERENCE MARKS ON THE ISLAND OF FUNAFUTI. 

By G. H. Halugan. 

In order that permanent marks should be available for future reference, both as 
to level and to the contour marks of high and low water on the ocean and lagoon 
sides of the main island of Funafuti, some iron pipes were let into the coral rock in 
the positions shown. (See Plate 19.) These pipes were 4 inches outside diameter 
and from 3^ to 4 feet in length. They are sunk to a depth of from 2 to 2J feet 
into the solid rock of the reef platform, are tirmly secured with Portland cement 
and filled with the same material, and each mark stands 15 inches alx)ve the 
surface, so that they can tje seen from a considerable distance. On my arrival at 
the atoll I found that Mr. Finckh had already sunk copper plugs in the positions 
shown on the plan, but as these stood only about 1 inch above the surface of the 
coral, they were difficult to find, though perhaps they were less liable to injury on 
a storm-swept coast than the marks I have now left. In order to indicate the 
positions of these plugs more clearly to future visitor, we decided to sink three of 
the cement-filled pipes alongside them, and as the pipes would be exposed to the 
fiill fury of the storms which break off the masses of coral from the outer edge of 
the reef and hurl them shorewards to form the Hurricane Bank, it was thought 
desirable to place another mark at about high water, the exact position of which is 
shown on the plan referred to. The top of this mark (A on the plan) is 7*60 feet 
above the zero of the tide gauge used on the survey of tlie atoll, made by Captain 
MosTYN Field, R.N., of H.M.S. ** Penguin," in 1890, and is 5*98 feet below the bench 
mark on the south-west corner of the Mission Cliurch. According to information 
kindly supplied by Admiral Sir W. J. L. Wharton, Hydrographer to the Admiralty, 
the mean tide level, as deduced from the two months' observations made during 
this survey, is 3*38 feet above the zero of the gauge. The mark A may then be 
taken to be 4*22 feet above this mean tide level and approximately the same height 
above mean sea level. For measurements of any considerable movements in elevation 
or subsidence this mark may l)e of value, but, of course, a series of observations 
extending over a much longer time would be required before mean sea-level could 
be determined with sufficient accuracy to admit of minute measurements. The two 
pipes foi-ming the permanent marks on the lagoon side of the islet are in the vicinity 
of the northern end of the ** Sandy Beach," shown on the Admiralty chart, about 
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490 metres northerly from the Mission Church. They are of the same dimensions, 
are secured in the same way, and are filled with pure Portland cement in the same 
manner as the pipes on the ocean heach. As shown on the plan (Plate 19), one of these 
pipes is close to high water and the other near low water. The top of the one nearer 
to high water is 08 foot below the mean tide level referred to above, with a limit of 
error of plus or minus '005 foot. Diagram A (Plate 19) shows the relative jK)sitions 
of the copper plugs and the cement-filled pipes on the ocean platform. Copper plugs 
were not placed on the lagoon platform. 
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SECTION X. 

GENERAL REPORT ON THE MATERIALS SENT FROM FUNAFUTI, 

AND THE METHODS OF DEALING WITH THEM. 

By Professor J. W. Judd, C.B., LLJX. F.IIS. 

Having been entrusted by the Coral Reef Committee of the Royal Society with the 
examination of the cores and other materials obtained during the several expeditions 
to Funafuti in 1896, 1897, and 1898, I proceeded, with the sanction of the Board of 
Education, to make sucli arrangements as were possible for carrying on the work in 
the Geological Researcli Laboratories of the Royal (/ollege of Science at South 
Kensington. Owing to the large mass of materials sent on from Sydney, consequent 
upon the success attending tlie last year of the work, the task proved to be a much 
heavier one than was originally anticipated, and a correspcmding delay has occurred 
in completing it. 

In the execution or the work during the last six years, 1 have received much 
valuable assistance from my colleagues, Mr. F. Chapman (now of the University 
Museum, Melbourne), Dr. C. G. Cullis, and Dr. E. W. Skeats ; while very useful 
chemical work has been done in ccmnection with the inquiry by Mr. J. Hart Smith, 
under the supervision and in the laboratory of Professor Tilden. During visits 
which they have paid to this country. Professor T. Edgeworth David and Mr. G. 
Sweet have afforded me much assistance, while Dr. Sorby, Professor Sollas and 
Mr. Stanley Gardiner, with Sir John Murray and Professor Alexander 
Agassiz, have from time to time given me very valuable counsel and aid. To the 
officers of the Natural History Division of the British Museum — Professor E. Ray 
Lankester, Mr. G. Murray, Professor T. Jeffrey Bell, Mr. Kirkpatrick, 
Mr. Bernard, and otliers — I have always })een able to appeal in cases of doubt or 
difficulty. 

But it is to Dr. G. J. Hinde that 1 especially owe a deep debt of gratitude for his 
most invaluable assistance. He luxs devoted many months of patient labour to the 
study of the various cores, and of the sections prepared from them, directing liis well- 
known skill in this kind of research to the elucidation of the nature of the organisms, 
the skeletons of which had often undergone great alteration by chemical action. 
But for Dr. Hinde's invaluable aid, it may be safely asserted that it would have been 
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impossible to have obtained the full and important results from the materials 
collected with so much labour and expense at Funafuti.* 

The collections obtained by Professor Sollas during his stay in Funafuti in 1896 
were handed to me immediately upon his return, and though the two borings he made 
only reached to depths of 105 feet and 72 feet respectively, yet their study proved 
to be a most valuable preparation for the work to be done on the larger collections 
sent to England in subsequent years. Besides the cores from the two borings — 
v/hich consisted for the most part of rubbly fragments mingled with disintegrated 
sand-like material — valuable collections of the surface rocks and of the teach-sands of 
the islets, with corals and other organisms from different parts of the atoll, were 
entrusted to me ; and tliese have afforded a basis of study for the materials which 
were, later, obtained at considerable depths. Some of the phosphatised materials 
collected on the islands by Professor Sollas have proved, as will be shown in the 
sequel, to be of great interest. 

The first collections made by Professor David and Mr. Sweet during their sojourn 
in Funafuti in 1897 reached me in March, 1898, having been forwarded from Sydney 
in eleven core-boxes, each 12 feet long, by the s.s. '* Orizaba." The cores from the 
main boring, which, at the time of their despatch, had attained a depth of 698 feet, 
were in a most satisfactory condition for study, each core was numbered, its position 
in the bore-hole being indicated by a black line drawn round its lower end, while its 
depth from the surface and other particulars were recorded in an accompanying 
catalogue. The same care in collecting and recording was manifest in all the 
subsequent consignments. 

In January, 1899, the second portion of the core, that obtained by Mr. Finckh in 
1898, reached the Royal College of Science, South Kensington. It was contained in 
six core-boxes, which were brought by the s.s. '' India," and contained the cores from 
698 to 987 feet. 

In April, 1899, the third and final portion of the core, from 987 to 1114^ feet, 
reached this country by the s.s. ^' Britannia," being contained in five core-boxes. The 
solid cores in the first consignment were numbered from 1 to 366, while those in the 
second and third consignments were numbered from lA to 709a. 

There were also sent from Sydney the valuable collection of specimens made 
in a series of dredgings across the lagoon of Funaftiti, with the materials brought up 
in the two borings in the lagoon, so successfully put down by Mr. Halligan, the 
deepest of which reached 245 feet from the surface of the water. These borings were 
made, as already described, t from the deck of H.M.S. " Porpoise," under Commander 
Sturdee, R.N. ; the materials obtained proved scarcely less important, in the 
information they afford concerning the constitution of the coral reef, than the cores 
brought up from the main boring. 

* See Section XL 
t See Section VlII 
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In addition to these, very numerous specimens of sand and rock from all parts of 
the atoll, with the specimens obtained by the dredgings on the outer flanks of the 
atoll down to 200 fathoms, were entrusted to me by Professor David, Mr. Halligan, 
and Mr. Finckh, together with illustrations of the rate of growth of the various 
reef-iorming organisms described in a previous report (p. 141). Captain A. Mostyn 
Field, through the Hydrographer to the Admiralty, Sir W. J. L. Wharton, sent to 
me the materials brought up in the deep-sea soundings around the EUice Islands. 

I may now proceed to descrit)e the manner in which these various materials have 
been dealt with. 

A. Tlie Materials from the Main Boring, IW^^feet. 

Thanks to the experience gained in tlie first attempts during the pioneer expedition 
under Professor Sollas, to the great skill and resourcefulness displayed by Professor 
David, and to the professional ability of the workmen brought from Sydney, this 
boring was carried to a very satisfactory depth — a depth which, considering the 
difficulties that had to l)e overcome, must be regarded as surpassing the most 
sanguine expectation of tliose who projected the expedition. The boring was 
commenced with a diameter of 5 inclies, but, when a depth of 68 feet had been 
i*eached, this had to he reduced to 4 inches, while, at a depth of 210 feet, a further 
reduction to 3|^ inches t)ecame necessary. In spite of these reductions, however, the 
boring was carried to a depth of 1114^ feet, the upper 700 feet being fitted with 
lining tubes, while, below that depth, the solidity of the rock permitted of lining 
tubes being dispensed witli. 

The first part of the txning, 68 feet long, like the cores sent home by Professor 
SoLLAS, yielded only a number of fragments of solid rock, the united lengths of 
which amount to less than 17 feet. The next 142 feet of 3j-inch core included solid 
pieces also, with a united length of 17 feet only. In the succeeding 163 feet 
of boring (that is, from 210 to 373 feet), very little but disintegrated material 
was brought up, the few solid fragments in this part of the boring having a united 
length of 14 inches only ! For 264 feet more (from 373 to 637 feet) the disintegiated 
material was much in excess of the solid core, there being only 18 feet of solid 
rock in the whole of this distance. But, between the depths of 637 and 748 feet, 
a remai'kable change was manifest in the character of the material. The rock 
became sofl and earthy in character, almost resembling chalk in outward appearance, 
the separate organisms also becoming less conspicuous. A careful examination, how- 
ever, showed this resemblance to chalk to l)e merely superficial, for, with a lens, all 
the plants, foraminifera, and corals occurring in the higher portions of the core were 
found to l)e present, and this conclusion, as will be seen in the sequel, has been 
entirely confirmed by the microscopic study of thin sections.* Although fairly 

♦ See Dr. Hinde's R(;port, Section XI. 
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compact, the rock in this part of the core was soft, and in some places very porous, 
so that much of it broke up under the boring tools, and, in the 111 feet of boring, 
only 19 feet 6 inches of solid core was yielded. At the depth of 748 feet another 
change took place, and the rock became very hard and compact in character, but with 
occasional reversions to the softer type. From this point to the lowest depth reached 
in the boring, a distance of 366|^ feet, the rock was so hard and solid that no less than 
312 feet of core was brought up, the loss which occurred being evidently largely due 
to the grinding one on another of the broken fragments of core. Many of the cores 
from this part of tlie boring were a foot or more in length ; one (523a), from a 
depth of a little over 1000 feet, reaching a length of nearly 2^ feet, while a second 
(678a), from nearly 1100 feet, was over 3 feet in length. 

The disintegrated sandy-looking material, so abundant in the upper portions of the 
boring, was seen by the aid of the lens to be neither waterworn nor windworn. On 
the contrary, it was found to be made up of angular fragments consisting of 
foraminifera and other organisms, whole or fragmentary, evidently broken out of a 
loosely- cemented mass. It became clear upon closer examination that the reef rock 
in this part had become loose and cavernous through the removal by solution of the 
corals and other organisms composed of aragonite, and that the mass, thus weakened 
and rendered porous, not being able to withstand the action of the boring tools, had 
been reduced to a mass of disintegrated particles. The few solid fragments brought 
up consisted almost entirely of more or less perfectly presei^ved calcite organisms. 

In the core-boxes, as sent from Sydney, the disintegrated material washed up from 
the boring was packed in its proper place between the pieces of core, but as there 
was some risk of admixture (there being two or three rows of core in each box, only 
separated by loose laths), we were supplied by Professor David with boxes of " sand" 
carefully collected at every few feet of depth. These " sands " were sifted and had 
their organisms, which were chiefly foraminifera, carefully picked out and studied. 

As it was agreed that the cores obtained from this important boring should be 
equally divided between the Sydney Museum and the British Museum, I determined 
to slit each solid core longitudinally, cutting out from the centre any slice or slices 
which might be necessary for microscopical or chemical examination. In the higher 
portions of the boring, where the proportion of solid core was small, this task was a 
comparatively easy one ; but when, as was the case in the lowest 400 feet, the core 
was found to be almost continuous, the labour involved became very great. Attempts 
were made to get this work done more expeditiously by marble merchants, but the 
results were not satisfactory and, in the end, it was resolved to avoid all risks by 
completing the cutting up of the cores in the laboratory at South Kensington. This 
was, however, greatly facilitated by using a lapidary's wheel driven by an electro- 
motor, which was set up at my request by the Board of Education. Some part of 
the delay in bringing the task to an end is, of course, due to the fact that all 
research work in a college has to be subordinated to the regular teaching. 
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At the depth of 637 feet the wliite chalky-looking rock gave such indications of 
having undergone great chemical change, that I tested for magnesia and found it to 
be present in large quantities. In view of the important observations made by the 
late Professor J. D. Dana in 1843 and subsequently in many of his wiitings^' on the 
dolomitisation of coral reefs, I determined to make a complete examination of the 
chemical composition of the whole ot the materials from the borings at Funafuti. 
Two of my assistants, Dr. C. G. Cullis and Dr. E. W. Skeats, could fortunately be 
spared for a time to undertake portions of the work, while the remainder of the 
chemical work was done in the Chemical Laboratory of the Royal College of Science 
by Mr. J. Hart Smith under the superintendence of Professor Tilden, the expenses 
of this part of the work being defrayed by a grant from the Royal Society. The 
results of this chemical work and a discussion of them are given in a separate 
report, t 

In order to determine the nature of the organisms in the solid cores it was proposed, 
in the first instance, to make a thin slice of the whole size of each core, cut out of 
its middle. It was found, however, to be very difficult to make such large slices 
sufficiently thin for the purpose of exact study, while it would have l^een necessary 
to submit each of these sections in succession to specialists who would study every 
group of organisms that might be represented in them. This method was, therefore, 
abandoned for another when a depth of about 200 feet was reached. It was found 
that the slice cut from the middle of the core affi^rded a good indication of the 
general composition of the core, and that doubtful or difficult points could be settled 
by having very thin sections made from that portion of the slice in which the difficulty 
presented itself. When a depth of 800 feet was reached it was found that the 
surfaces presented by the hard cores, when slit by the lapidary's wheel, were 
sufficiently well polished to indicate the general nature of the organisms, and in 
consequence the labour of making the double cut through the core was avoided ; 
small thin sections were, however, prepared whenever the study of the polished core 
surfaces showed such to be desirable. 

The examination of the cores from the depth of 637 feet to the lx)ttom indicated 
that the materials had undergone the most extensive chemical and mineralogical 
changes. It was evident that not only portions of or the whole substance of 
organisms had been removed in solution, after their interstices had been filled with 
calcareous mud, but that recrystallisation and dolomitisation had gone on to a 
considerable extent. In the lower and more crystalline portions of the core, the 
corals, with some of the moUusca and other organisms, only existed in the form of 
casts, while secondary crystalline deposits had evidently been formed in the cavernous 

♦ See *Amer. Journ. Sci.,' vol. 45 (1843), p. 120; ihUL, vol. 47 (1844), p. 135. "United States 
Exploring Expedition (Zoophytes)," 1846, p. 712 Compare also the successive editions of * Dana's 
Manual of Geology.' 

t Section XIV. 
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mass, rendering it more or less solid and compact. Although no trace could be found 
of anything but existing organisms, it was evident that the remains of these had 
undergone such great chemical and mineralogical changes that they would have to 
be studied like fossils, especially by the aid of thin sections, and that the ordinary 
methods of diagnosis of the zoologist were of little avail. 

Under these circumstances it was very fortunate that I was able to induce Dr. G. J. 
HiNDE to give his invaluable aid in determining the organisms contained in the core. 
With the exception of the foraminifera, which were determined by my assistant 
Mr. F. Chapman, all the other organisms were diagnosed by Dr. G. J. Hinde, with 
the advice, where necessary, of the zoologists and botanists of the British Museum. 

As a preparation for the work, specimens of the various genera of corals represented 
in the core (generally obtained from Funafuti) were selected as types, and from these 
longitudinal and transverse sections, with occasional oblique sections, were cut. As 
casts were of such frequent occurrence in the lower cores, wax-impressions of all the 
forms were also taken, wherever found necessary. In this way a good series of types 
for comparison were obtained for the corals, while the numerous collections made on 
and around the islets of the atoll supplied the means for equally exact comparison in 
the case of other classes oi organisms. 

The cut faces of the cores and the slices taken from them offered suflSciently 
polished surfaces for a general determination of the organisms present in them, all 
diflScult cases being met by preparing thin transparent sections from selected portions. 
In the course of the work over 500 thin microscopic sections were cut and studied, 
and these are preserved together with the half-cores in the British Museum. 

In his notes on the cores. Dr. Hinde has remarked upon the general mode of 
preservation of the organisms and the more or less crystalline character of the 
material in which they are embedded. A selection from the series of thin sections 
was submitted to Dr. H. C. Sorby, who has kindly furnished a general report on 
the subject of the chemical and mineralogical changes which coral-reef rocks 
undergo.* 

The more detailed study of the mineralogical changes taking place in the cores 
has been carried on by Dr. C. G. Cullis, following the lines laid down by Dr. 
Sorby in his Presidential Address to the Geological Society in 1879. The work 
has, liowever, been greatly facilitated by the employment of more recently discovered 
micro-chemical methods — namely, Meigen's test for discriminating between calcite 
and aragonite, and Lemberg's test for distinguishing calcite from dolomite. In 
arranging for the best methods of applying these valuable tests, we have received 
much assistance from the officers of the Geological Survey and of the Mineralogical 
Department of the Natural History Museum, our special thanks being due to 
Mr. Teall and Dr. Pollard, and to Mr. L. J. Spencer. 

The whole of the thin sections examined in the first instance by Dr. Hinde and 

♦ Section XIII. 
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algal growths, have not hitherto attracted the attention which they deserve. There 
is evidence that they abound in many coral-reef deposits in all parts of the world. 

The question of the existence of anything like stratification in the materials 
building up the reef rock was one to which special direction was directed. 
Professor David, whose notes on the specimens were of great service to us, called 
attention to several cores, on the outside of which obscure markings suggesting 
stratification, usually with a very steep dip, were noticed by him. These cores were 
care^ly cut at inght angles to the supposed dipping laminae, and in all cases the 
appearances proved to be fallacious. The numbers of the cores in which something 
like stratification was suspected were 61a, 67a, 89a, 125a, 178a, 194a, 321a, 327a, 
328a. The description of these cores, by Dr. Hinde, will be found in his report, and 
the numbers of all cores in which stratification was suspected is given, so that our 
remarks upon them can be verified in either the British Museum or the Sydney 
Museum halves of the cores. The conclusion at which we arrived was that nowhere 
could a stratification, such as might be expected in a talus-formation, be found, but 
only such irregular accumulation of detrital materials as takes place between and 
around the corals ; and these appearances were presented at many points, from the 
top to the bottom of the bore -hole, whenever consolidated rock could be examined. 

Another point on which very careful observations were made, was with a view to 
determine if anything like an admixture of deeper- water organisms could be detected 
among those building up the reef. The numerous dredgings made by Professor David, 
with the aid of Messrs. Finokh and Halugan, enable us to understand the nature of 
the flora and fauna of the ocean-face of the reef down to 200 fathoms, while the deep- 
sea soundings made by Captain Field, in H.M.S. " Penguin," supply information as 
to the organisms living at still greater depths. Now, had any portion of the rock of 
the core consisted of material fallen from above, and resting at lower points on the 
ocean-slope, we should expect to find an admixture of these shallow-water forms that 
had fallen with others belonging to a greater depth which had grown on and around 
the fallen fragments. But distinct as are many of the forms of life which occur living 
on the ocean-face of the reef between 100 and 200 fathoms, not a trace of these was 
found in the lower portions of the Funafiiti core. Dr. Hinde's cai-efully drawn-up 
lists show that from top to bottom the same organisms occur, sometimes plants, some- 
times foraminifera, and sometimes corals predominating ; but in the whole depth bored 
the same genera and species of these various groups of organisms take their part in 
the building up of the mass. 

As the rocks through a large portion of the bore-hole showed such striking evidence 
of having undergone great chemical and mineralogical changes, the question of the 
possible existence of older Tertiary limestones forming the basis on which a modern 
reef had grown up, became one which it was evidently necessaiy to keep in mind. 
The circumstance that both in the Indian and Pacific Oceans coral reefs founded on 
old Tertiary limestones are known to exist, made investigation of this point very 
desirable. 
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It fortunately happened that the large collections made at Christmas Island, in the 
Indian Ocean, by Dr. C. W. Andrews, for Sir John Murray, were available for 
comparison, and among these the Tertiary limestones are well represented.* In the 
same way, we are indebted to Professor Alexander Agassiz for supplying us with 
a aeries of specimens collected by himself, or under his direction, by Mr. E. C. Andrews, 
of Sydney, t and these specimens, derived like those of Christmas Island, in the Indian 
Ocean, from upraised reefs in different parts of the Pacific, include a number of 
examples of the old Tertiary-limestone platforms on which modem coral reefe have, in 
some cases, been built up. 

While the study of the Funafuti collections has been in progi-ess, I have been able, 
through the liberality of Sir John Murray and Professor AoASSiz, as well as of 
Professor David, in supplying me with specimens, to make constant comparisons of 
the Funafuti rocks with those of the upraised reefs of the Indian and Pacific Oceans. 
My assistants. Dr. E. W. Skeats and Mr. R. L. Sherlock, have prepared memoirs 
on the chemical and microscopical character, and on the organisms of the rocks of 
these upraised coral islands, and Professor Agassiz has t)een good enough to publish 
these memoirs in the same journal as that in which the account of his own researches 
will appear. 

It was found by Dr. Skrats and Mr. Sherlock, and also by Mr. F. Chapman, who 
assisted them in the palaeontological portion of their work, that, even in very small 
fragments of rock, the characteristic Tertiary organisms, such as the various species of 
Orhitoxdes, could t)e detected in their microscopic sections. Such Tertiary organisms 
were found in limestones from Christmas Island, in the Indian Ocean, and also in 
limestones from Mango and Namuka, in the Fiji group of the Pacific Ocean. 

But although nearly 400 feet of core from the bottom of the Funafuti core were 
very carefully scrutinised by tx)th Mr. F. Chapman and Dr. Hinde for the purpose, 
not a trace of these Tertiary organisms could be detected. On the contrary, as the 
reports show, the same recent forms of foraminifera, corals and other organisms occur 
from the top to the tx)ttom of the series of cores. On this point the evidence appears 
to be conclusive, and we are justified in stating that no basis of old Tertiary limestone 
was reached in the deep boring at Funafuti. 

In comparing the results obtained by the study of upraised coral reefs, and in 
a vertical bore-hole, it should be borne in mind that the former can never be 
expected to supply us with such perfectly unequivocal evidence as the latter. 
Upraised coral reefs nearly always show indications of having been subjected to 
various movements, sometimes upwards, at other times downwards, with perhaps 
intervals of rest between. At any period of their long and complicated history, 
masses of fringing reef may accumulate around them, and seeing how rapidly 

* ' Oeographical Journal,' vol. 13 (1899), p. 17. "A Monograph of Christmas Island (Indian Ocean)," 
pablished by the Trustees of the British Museum, 1900. 

t • Bull Muf. Comp. Zool.,' vol 33 (1899), pp. 1-167 ; ibid,, vol. 38 (1900), pp. 1-50. 
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great chemical and mineralogical changes may go on in coral-reef limestones, 
there must always be some element of uncertainty in fixing upon the sequence of 
rocks in an upraised coral reef such as does not exist in the case of a vertical bore- 
hole. 

It is only fair to point out that in his recent valuable researches on the upraised 
reefs of the Pacific, Professor Agassiz has taken every possible precaution to avoid 
these obvious sources of error. Wherever possible, the specimens collected were 
obtained in deep ravines, and by means of blasting; but even when all this was 
done, the series of specimens collected must have been very far from constituting a 
vertical sequence, like those from a bore-hole. 

B. — The Materials from the Lagoon of Funafuti, 

The specimens collected from the lagoon of Funafuti are of scarcely less interest 
and importance than those obtained from the several borings in the islets of the 
atoll. The lagoon of Funafuti has an extreme length from north to south of 
14 miles, and a })readth from east to west of 9 miles. Its depth varies from 12 to 
30 fathoms, with a probable average of 20 fathoms. There are wide and deep 
openings between the islets encircling the atoll, especially on the south-east and 
north-west sides. Consequently this body of salt water (which is as deep as the 
Straits of Dover) is in free cc»mmunication with the open ocean, and, though afibrding 
a safe anchorage ground, is by no means a mass of still or dead water. The com- 
munication with the open ocean is so free that, contrary to what is the case in the 
neighbouring atoll of Nukulailai, the waters of the lagoon flow freely in and out at 
the change of the tides, and there is never any difference of level between the lagoon 
and the outer ocean. The inflowing and outflowing waters probably find their way, 
not only through the wide . and deep channels between the islets, but to some extent 
through the body of the reef, which in its upper portions would appear to be almost 
as open and pervious as a sponge. 

Besides a number of sporadic dredgings within its area, we have the results, a 
very systematic examination of the floor of the Funafuti Lagoon. Mr. G. H. Halligan 
and Mr. A. E. Finckh made a series of dredgings with the sand-pump at distances 
of ^ mile from a point opposite to the Mission Church at Fongafale (Funafuti 
Island) in a direction slightly north of west to Fuafutu Island. (See Plate 1.) The 
former gentleman, with the aid of Commander Sturdee, KN., and of the officers 
and men of H.M.S. " Porpoise," was able to put down two borings in the lagoon, 
about 1^ miles west of the Mission Church, and slightly north of the line of dredgings. 
The depth of the lagoon where the boring was made was 101 feet, and the deepest 
of the borings was carried to 245 feet from low- water mark spring tides, or 144 feet 
below the floor of the lagoon. 

The dredgings in the lagoon showed that except where bosses of coi-al rock rise 
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and fbiin shoals, often with only a few fe^et ot water upon them at high tide, the 
whole ot* the bottom of tlie Funafuti Lagoon is covered with a dense growth of the 
gi'een calcareous alga Halimeda opuyitia Lam., a well-known member of the order 
SiphonesB, gi-oup Chloropliycea?. This growth of Halimeda appears to be most 
vigorous in the shallower parts of the lagoon, but everywhere it forms a green living 
cai'pet down to depths of 120 feet, and is occasionally found alive at greater depths. 
The Halinieda fronds are often more or less covered with attached organisms, such 
as the foraminifera Sagenina, Polytrema, &c., with Spirorhisy SopulcB^ Polyzoa, &c., 
and other organisms. Intermingled with the living Halimeda and its broken and 
dead remains are found numerous foraminifera, with Ostracoda and alcyonarian and 
tunicate spicules, as well as remains of Pteropoda, Gastropoda, Pelecypoda, Crustacea 
and other forms of animal life, with sevei-al forms oi Lithothamnioiu In the central and 
deeper parts of the lagoon the number of foraminifera is comparatively small, seldom 
exceeding 10 per cent, of the whole mass, and consisting only of species adherent to 
the fronds of Halimeda, with the free forms Amphisteyina and Heterostegina, But 
in the shallower water on the edges of the lagoon, the foraminifei'a and other 
organisms increase in number till they constitute the bulk of the materials of the 
sandy bottom. As shown by Mr. Chapman, the forms of foraminifera are more 
numerous and varied at the Fuafatu end of the line of soundings, where the lagoon 
is open to the ocean, than at the more enclosed end at Fongafale.^' 

The genera of foraminifera which alxmnd in the shallow water are the same as 
those found on the lagoon beaches, and include the conspicuous spurred forms 
Ccdcarina and Tinopo^-us, with many species of MilioUna, while the diflferent varieties 
of OrhitoliteSy Glohigerina and other pelagic forms occur much more rarely, and 
usually as dwarfed specimens ; these were probably washed in from the ocean 
outside. On tlie lagoon shore at Fongafale, twenty-one species of foraminifera are 
recorded by Mr. Chapman as occurring, while at the Fuafatu shore of the lagoon the 
number is twenty-eight, the increase being accounted for by the greater increase 
of marine conditions, due to wide o])enings in the atoll-rim and the richer supply 
of food. The effect of advantageous conditions is shown by increase in the size of 
individuals as well as by the number and diversity of species. 

The proportions of the several kinds of organisms in the eighteen samples dredged 
in the lagoon, at distances of half a mile from Fongafale to Fuafatu, were determined 
by taking weighed portions and picking out the various organisms. The results 
obtained were as follows : — 



♦ F. Chapman, " Foraminifera from the Lagoon of Funafuti," * Linn. Soc. Journ.' (Zoology), vol. 28 
(lWl-03), pp. 161-210. 
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The samples obtained by Mr. Halligan in his important boring in the floor of the 
lagoon, were as far as possible tieated in the same way, but those from the lower 
portion of the bore liad the organisms so firmly compacted together that it was 
impossible to separate them by picking. 

Down to the depth of 163 feet from the sea-level (62 feet below the floor of the 
lagoon), the materials consisted of ^' Halimeda sand" with an admixture of 
foraminifera and other organisms. The foraminifera consisted of Amphistegina and 
Heterostegina, with attached genera like Polytrema, Carpenteriay Sagenina^ &c., and 
an admixture of littoral forms like Calcarina, Orbitolites, &c. 

The proportions of Halimeda fronds to the foraminifera and other organisms in 
the five samples obtained, from the upper part of the boring, as determined by 
picking weighed portions, is as follows : — 
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Below the depth of 62 feet (163 feet below sea-level) the boring-tools entered a 
mass of loosely compacted coral rock similar to that met with in the upper part of all 
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the borings iu the island of Funafuti. In these loose materials there occurred more 
firmly compacted masses of coral rock, which were penetrated with gi^eat difficulty, 
under the untavourable conditions in which the work of boring was carried on. At a 
depth of 177 feet (76 feet l)elow the floor of the lagoon) a solid mass 5 feet thick was 
l)ored through, at 217 feet another solid mass 18 inches thick was penetrated, and 
from the material broken up and disintegrated by the boring tools, fragments, angular 
and subangular, up to tlie size of a walnut were brought up. The boring was stopped 
at a depth of 245 feet by solid coral rock which could not be penetrated with the 
appliances available. 

In the second boring, wliich was made at a distance of only 90 feet north of the first 
one, a similar section was obtained. Under the Ilalimeda sand, which was from 60 
to 70 feet thick, coral rock was found, which broke up under the boring tools, but 
there was a more solid mass 3 feet thick (with some softer partings) at a depth of 
92 feet from the bottom of the water in the lagoon. This second boring was carried 
to a depth of 214 feet in the easily disintegrated coral rock before hard impenetrable 
masses were met with. 

The numerous fragments of corals obtained in these lagoon borings beneath the 
HcUimeda sand, have Ijeen very carefidly studied l)y Dr. Hinde and Mr. Bernard, 
while the foraminifera have been determined by Mr. Chapman. Of course, made as 
the borings were (see Mr. Halligan's report p. 161), no solid cores like those 
obtained by the aid of tlie diamond drill could be secured, but the numerous fair-sized 
angular fragments evidently broken off by the edge of the tube and by the lx)ring 
chisels, supplied sufficient evidence as to the nature of the solid rock passed through. 

Specimens of all the reef- forming and other genera of corals which occur in the 
main boring were obtained from the boring in the lagoon. They include such forms 
as Hdiopora, Madreporaria (3/. contecta being present), Montipora, Porites, 
Pocillopora, Goniopora, Astrceopora, LohophytiLin, Cceloria, Fungia, Cyphastrcea and 
other Astraean corals, Seriatopora, &c. The most numerous foraminifera are those 
belonging to the genera Amphistez/iua and Hcterostegina, but Polytrema planxim 
and other encrusting forms are common, while all the genera which occur abundantly in 
the main boring are found to be represented in tlie rocks passed through in the lower 
part of the lagoon boring. Here, too, were found the usual mollusca, and other 
organisms of the reef, with alcyonarian and tunicate spicules ; LitliOthamnion and 
Halimeda are also present in considerable abundance. 

This evidence indicates that at a depth of more than 40 fathoms in the lagoon ot 
Fimafiiti, we have a rock built up of the common reef-forming corals, with the other 
organisms usually associated with tliem. Tliis mass of coral rock would appear to lie 
generally at depths of from 36 to 40 fathoms from the surface of the water in the 
lagoon, but in places to form bosses that constitute shoals only covered at high tide. 
In these shallower portions of the lagoon the corals are found to be still alive and 
growing, 
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Over the greater part of the lagoon floor, however, there would appear to be a turf- 
like growth of the green calcareous alga Halinieda. In the shallower portions of the 
lagoon this Ilalimeda growth appears to be most vigorous and constitutes a green 
carpet on the lagoon floor ; but in deeper portions of the lagoon, the Ilalimeda 
appears to be dead and decaying. Towards the edges of the lagoon and around the 
various shoals in it, the mass of living and dead Halimed<i fronds gives place to the 
usual shore-sands largely composed of foraminifera. 

We have fortunately the means supplied to us by the observations of Mr. Fjnckh 
(see page 146) of estimating the rate of growth of Halimeda, and of comparing it with 
that of various genera of corals. A tuft of HaliTiieda forming a compact boss 2^ inches 
(55 millims.) high, and ^\ inches (80 millims.) in diameter, grew up in six weeks ! 
No coral of which the rate of growth has })een studied has anything like this power 
of rapid development. Lithothamnion too, seems, in spite of its ubiquitous character, 
to be a much more slowly growing organism than Ilcdimcda. It would appear that 
while in some parts the growth of corals was choked l)y the covering of HalimedOy in 
other places the corals conquered in the struggle for life, and continued to grow 
upwards. A great part of the lagoon of Funafuti is thus proved to be covered by a 
mass of calcareous alg^e, and this maas of vegetable matting has a remarkable 
resemblance to a peat-bog. The upper surface is green and living, but, below, the 
mass is dead and decaying. The depth of this mass of living and dead vegetable 
matter appears to be between 60 and 70 feet, and it lies between and around upgrow- 
ing bosses of coral rock that form shoals. 

The rate of growth of the tuft of Halimeda studied by Mr. Finckh may not 
improbably have been exceptionally rapid, for the conditions were perhaps unusually 
favourable in the shallow waters where the experiment took place. But it is possibly 
not an excessive estimate to take 1 inch per annum as the rate of accumulation of the 
broken fronds of Halimeda on the lagoon floor. At this rate of accumulation the 
mass of vegetable matter on the floor would represent a period of about 800 years. 
If we take 1 5 tathoms as the depth at which the vigorous growth of reef- forming 
corals goes on (and this is in conformity with the results obtained by Professor 
A. Agassiz and Mr. Stanley Gardiner), a subsidence of 25 fathoms (150 feet) must 
have taken place in this 800 years, being at the rate of less than 20 feet per century. 

We have compared this mass of vegetable matter, alive on its surface and dead 
below, to a peat-bog, and there is another respect in which the analogy holds good. 
In a peat-bog the lower portions are undergoing slow chemical changes, various gases 
being given ofi*, the proportion of carbon to the other constituent elements showing a 
progressive and constant increase as we go downwards. Dr. Hinde has pointed out 
that in going downwards through the mass of Halimeda fi'onds on the lagoon floor, 
we find first the organic matter disappearing, and the fronds becoming white and 
friable, and afterwards these fronds becoming more solid and dense by a secondary 
deposit of calcium carbonate. The exact nature of the changes taking place 
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will be discussed in the section (XII) on the chemistry of the rocks of the Funafiiti 
Atoll. 

C Other Materials Collected from the Islets of the Funafuti Atoll and from the Ocean 

around it. 

Professor Sollas collected, during the first expedition to Funafuti in 1896, a very 
interesting series of sands, and of the consolidated coral rock of the various islets, and 
these have been sent to me for examination. Mr. Stanley Gardiner and 
Mr. Hedley, who accompanied the same expedition as volunteers, brought to 
Cambridge and Sydney respectively large and valuable collections representing the 
fauna, flora, and anthropology of Funafuti and of the other islands of the EUice 
Group. 

Under the advice of the Coral Reef Committee, the Council of the Royal Society 
decided that the result of the study of all the material brought home from Funafiiti 
might be published in the various scientific journals, as soon as could be conveniently 
arranged, and there is already, as will be seen from the list given on pages 182-185, 
a considerable body of scientific literature on the natural history of Funafuti, a large 
number of new species and varieties having been described from the collections 
brought home, while discussions on the geology, anthropology, and general natural 
history of the island have been published by difierent authors. 

In the Second Expedition in 1897, Professor David and Mr. Sweet, besides 
collecting specimens to illustrate their account of the geology of the various islets, 
made special attempts to study the nature of the organisms growing on the reef face 
down to the depth of 200 fathoms. This task proved to be a very difficult, and not 
seldom a dangerous one, l)ut by means of the apparatus that has been described, 
fragments of organisms, often living, were broken from the face of the reef, and 
brought home either in spirits or as dried specimens. All these collections have 
been submitted to specialists at the British Museum and elsewhere, and all new 
species that have been detected have been described in the scientific journals. 

The foraminifera fiom these collections have been very fully described and their 
distribution discussed by Mr. Chapman.* The question of the distribution of other 
forms obtained from the reef face in a living state has not yet received the attention 
which it deserves. 

In the deep soundings carried on by Captain A. Mostyn Field, R.N., in H.M.S. 
"Penguin," in the year 1896, when so complete a survey of the Funafuti Atoll and 
of the surrounding sea was made, a number of small specimens of the ocean floor, 
oflen at great depths, were obtained. These I have received from Admiral Sir 
W, J. L. Wharton and Professor Sollas, and their description will l^e undertaken 
by Mr. F. Chapman, who is now at Melbourne. 

* * Linn. Soc. Journ.' (Zoology), vol. 28 (1900-03), pp. 1-27 and pp. 379-433. 
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The description of the collections made on the face of the reef down to 200 fathoms, 
will be undertaken by Professor David and his assistants at Sydney. 
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( 1 ). — Introduction. 

On the invitation of the Coral Reef Committee of the Royal Society, I undertook, 
in February 1900, an examination of the materials obtained from the various borings 
sunk on the reef and beneath the floor of the lagoon of the Funafuti Atoll, in 
1896-1898, with the object of determining the nature and distribution of the 
organisms which have contributed to the building up of the atoll. Of the three 
lK)rings carried out on the reef the most important was that known as the Main 
Boring, which reached a depth of 11 14^^ feet from the surface; the two earlier 
attempts of Professor Sollas, known as the First (C), and Second (D) Borings, did 
not extend deeper than 105 feet and 72 feet respectively. The borings in the lagoon 
reached a depth of 1 44 feet below the floor of the lagoon. The materials from these 
borings c<^nsist of solid cylinchical cores and irregular nodular lumps of limestone or 
dolomitic rock, together with loose, fragmentary, gi-anular and powdery material, 
partly of small organisms, partly of broken-up limestone. The solid cores and the 
samples of loose materials from each boring were kept distinct, and they had all been 
brought to England and deposited provisionally in the Geological Laboratory of the 
Royal College of Science, South Kensington, under the charge and supervision of 
Professor J. W. Judd, F.RS, 
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To facilitate examination, the longer cylindrical cores of the Main Boring were cut 
transvei'sely into pieces of 5 or 6 inches (125-150 milHms.) each in length, and these 
and all the other cores from the different borings, both cylindrical and nodular, were 
slit longitudinally by a lapidary's wlieel armed with diamond dust. As the result of 
this process the median face of each half of the core (where the rock was sufficiently 
hard), was left nearly as smooth and even as if it had been polished, so that its 
sfcruclure could be readily distinguished with a lens. More than 400 microscopic 
sections were also prepared from longitudinal and transverse slices of the solid cores 
wherever it seemed desirable to study in detail the structure of the rock and of the 
organisms in it, and thin sections of the incoherent fragmental materials were likewise 
skilfully prepared by Mr. F. Chapman. The slow and tedious work of slitting 
over 400 feet of the rock-cores, and the preparation of the microscopic slides, 
were efficiently carried out at the Geological Laboratory under the direction of 
Professor Judd. 

A partial study of the cores from the upper part of the Main Boring had already 
been made by Professor T. W. Edgeworth David, F.R.S., and with his approval I 
have availed myself of his notes and followed generally the lines of investigation 
which he had begun. 

For the determination of the Foraminifera shown in the microscopic sections and 
in the loose materials from the borings, I have relied upon the authority of 
Mr. F. Chapman.'**' His study of the recent forms of the gi-oup dredged from the outer 
slopes of the reef and from the lagoon at Funafuti, render his determinations of the 
forms embedded in the cores especially valuable. I am myself responsible for noting 
the common and familiar kinds present in nearly all the cores of the various borings. 

I also wish to acknowledge my indebtedness to Mr. J. Stanley Gardiner for the 
loan of recent corals which he had collected at Funafuti, and for examining some of 
the fossil forms from the lx)rings. 

The measurements of the borings and cores taken on the spot in English feet and 
inches, have been retained in the report without alteration, but for measuring the 
separate pieces of core it has been more convenient to adopt the metric system. 



(2). — General Features of thk Main Boring. 

The Main Boring on the Funafuti Atoll was commenced in 1897, under the direction 
of Professor T. W. Edgeworth David, and carried down in that year to the depth 
of 698 feet. In the following year the boring was resumed under the charge of 
Mr. A. E. FiNCKH, and continued to the depth of 1114^ feet from the surface. 
The diameter of the cores brought up in the core barrel was as follows : From the 
surface to 68 feet, about 4 inches (103 millims.); from 68-210 feet about 3^ inches 

♦ *Liiin. Soc. Jouni.,' Zoology, vol. 28 (1900-3), pp. 1-27, 161-210, Plates 1-4, 19, 20. 
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(81 millims.) ; and from 210-1114^ feet about 2^ inches (58 millims.). The rock 
cores were very unequal in length, ranging from 1 inch (25 millims.) to 3 feet 
(900 millims.), and in many instances only imperiect cylinders and nodular fragments 
were obtained. Each separate cylinder and nodule of core was numbered con- 
secutively ; from the surface to the depth of 698 feet, reached by the end of the 
first year s work, the numbers of the cores ran from 1-366 ; on resuming the 
boring the second year a fresh series of numbering was introduced, and the cores 
between 698 feet and the bottom of the boring at 1114^ feet were marked Ia--709a, 

The solid rock cores, however, by no means represent all the material brought up 
from the boring, for Irom the surface to a depth of 748 feet, i.e., about two- thirds 
of the distance passed through, a large proportion of the rock was of so fi^iable and 
incoherent a character that in the process of boring it broke up into fine granular 
particles and powdery material, to which those engaged in the boring applied the 
general term of " sand.''"^ This granular material was brought up from the boring 
by means of the sand-pump, and from samples of it taken at intervals of a few feet, 
it appears to have been derived for the most part from a porous rubbly limestone, 
which consisted of foraminifera, small pieces of casts of corals, alcyonarian spicules, 
echinoid spines and plates, fragments of calcareous algae and the dSbris of various 
other organisms with fine sediment. No true oolitic grains were noticed either in 
the solid cores or loose materials. These fragmentary materials, in some samples from 
no great depth from the surface, appear to have been but little more than compressed 
together, but more generally they have been lightly cemented by crystalline calcium 
carbonate. Their ready disintegration seems to be in great part due to the slight 
development of the crystalline cementing matrix ; it is probably also connected with 
the solution or decomposition of the corals which takes place below the depth of 
200 feet, to which we shall again refer. That the present friable, incoherent condition 
of the rock which furnishes this fine granular material, depends on other circum- 
stances than the detached fiagmentary character of its constituent organisms is 
shown by the fact that where the small interstices between the organic fi^agments 
are fairly well occupied by crystalline calcite, or, better still, by crystalline dolomite, 
a very fine, hard, resistant rock is produced. Many of the hardest rock-cores are 
seen on microscopic examination to consist of foraminifera and other fragmentary 
organisms thus consolidated. 

The amount of the consolidated rock-cores, as distinct from the fragmentary 
incoherent material, is shown in the following list (p. 189). Their aggregate length 
is 384-^ feet, or an average in round numbers of 1 foot of core in each 3 feet of the 
boring. 

* This material differs so greatly from *' sand," as generally understood, that so to term it would give 
an erroneous idea of its real character, and I have therefore avoided the use of the word in referring to 
this tine material. 
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List showing the Length and Numbers of the Cores from various Depths of the 
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But there Is a very striking difference in the proportion of the solid cores In 
various parts of the boring, for while in the upper part, from the surface to the depth 
of 748 feet, the total length of solid rock-core is only 72| feet, or about one-tenth 
of the distance bored, in the lower part, from 748 feet to the bottom of the boring 
at 1114^ feet, the length of the solid cores reaches 311|- feet, or 85 per cent, of the 
distance. It may be said that practically the lower third, or 366 feet, of the boring 
is a continuous core of solid rock ; the upper two-thirds, on the other hand, is mainly 
of incoherent or lightly cemented rock, with only one-tenth sufficiently consolidated 
to be brought to the surface as firm core. It is to be noted, moreover, that the rock 
in the higher part of the boring is to a large extent a limestone, and that in the 
lower part a dolomite or dolomitic limestone. 

The material from the boring, whether in the form of solid rock-cores or as 
incoherent granular paiticles, appears to be entirely of organic character, and derived 
from the calcareous skeletons of marine invertebrate animals and calcareous algse. 
Though there is abundant evidence that siliceous sponges were very numerous, for 
the corals in the cores are riddled in all directions by their characteristic tunnellings, 
their spicules have altogether disappeared, and the silica which might have resulted 
from their solution has not been traced, for there is no indication that any of the 
corals or other organisms have been replaced by this mineral. Not a trace of pimiice 
or of any other volcimic product has been noticed from any part of the boring. 

The following condensed account of the materials from the boring is intended to 
give an idea of tlie general characters of the rock and the organisms in it. The 
detailed description of the cores appears in the sequel : — 

Depth from Surface in feet 0-150. Distance Bored infect 150. 

Numbers of Cores 1-137. 

The total length of the solid cores in this part of the boring is nearly 26 feet, or 
about one-sixth of the distance passed through. The rock is a whitish or cream- 
coloured limestone with patches of a dirty-green tint wherever Heliopora ccBrulea 
occurs. It is mainly composed of corals (including Hydrocorallinae and Alcyonaria 
with the Madreporaria), which under the microscope are seen to retain their minute 
structures with but little alteration, though they are often rendered very obscure by 
a secondary deposition in the interior of the corallites of sclerenchyma and crystalline 
"conchite" or aragonite. Tlie predominant forms belong to Millepora, Heliopora^ 
Pocillojjora and Madre^jora ; other genera, less numerously represented, are 
Loho2jhytuni, Stylophora, Astroict, Oi'hicella, Astr(B02)ora, Porites and Montipora. 
A new sj>ecies of Madrepora^ which* I have named M. contccta^ is very abundant, 
the cores Ixjtween 50 and 80 feet largely consisting of it. Heliopora ccerulea is also 
couunou, more particularly in the first 40 feet of the boring. 

♦ See p. 326. 
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The solid cores in this part of the boring, composed as they are mainly of corals, 
may be considered as indicating the proportion of the general mass of the rock due 
to these organisms. Making allowance for those which may have decayed or 
otherwise been reduced to fi-agments and so have passed into the incoherent materials, 
it would appear that only about one-fifth of this part of the boring is formed ot 
corals. 

The greater part of the material from the boring consists of foraminifera and other 
organisms, chiefly fragmentary, which, together witli fine detrital sediment, forms a 
chalky-looking powder, which, in places, is cemented into hard rock. The greater 
number of the foramniifera belong to the following genera : — Orhitolites, Caiyenteria, 
Tinopo7VjLS, Gypsina, Poltjty'ema, Amphistegina and Ilcterostegina. The rarer fonns, 
determined by Mr. Chapman, include Nuhemdaria, Miliolhm, Placapsili na, Iladdonia, 
Textidariay Cristellaria^ Sagmia, Glohigerina, SpiriUiiia, Discorhina, Planorbulina, 
Tmiicaiulina^ PulvinuUna and Rotalia. 

The other constituents of the incoherent material are calcisponge spicules, 
alcyonarian spicules, spines and detached test-plates of echinids, annelid tubes, 
entomostraca {Bairdia), limUs of small crabs, polyzoa, bracbiopods {Thecidea maxilla), 
lamellibranchs, gastropods, stellate spicules of ascidians {Leptocliimm) and small 
coprolitic pellets. The calcareous algse include detached joints of corallines, Halinieda 
and Lithothamnion, both branching and encrusting. 



Depth fro7n Surface infect 150-230. Distance Bored in feet 80. 

Nicmbers of Cores 138-186. 

The length of the solid cores in this portion of the boring is altogether 9^ feet. 
The rock is a softer and more porous limestone than that above, and the dissolving 
away of some of the organisms in it frequently renders it cavernous. The characters 
are scarcely recognisable except in microscopic sections ; from these it is seen to consist 
principally of foraminifera, with occasional corals or casts of corals, embedded in 
fine sediment and consolidated by crystalline calcite. Below the level of 180 feet the 
corals have undergone an important change, their walls for the most part have been 
dissolved and removed, and they are now in the condition of casts or moulds of 
crystalline material, or of fine calcareous sediment, sometimes so friable that it readily 
crumbles between the fingers. Tlie corals are often overgi-own by layers of Litho- 
thamnion and the encrusting foraminifer, Poly trema planum, organisms less subject 
to change in the fossilisation, and their fragile casts are thereby protected to a certain 
extent, but not infrequently these oi'ganic encrustations now only surround a cavity, 
occupied originally by the coral. This partial destruction and obliteration of the 
coral stioicture continues, with some modifications, throughout the remainder of the 
boring. The forms recognisable in these cores belong to MiUepora, Hcliopora ccenUea^ 
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Lohophytum, Stylophora, Pocillopora, Fwigia, Astrcea, Goniastrma, Orhicclla, 
Madrepora, and Porites, 

With some unimportant exceptions the foraminifera and the other organisms in the 
fine material are the same as those in the boring above. Samples of the broken-up 
powdered rock appear to be of the same character as that of the solid cores. 

Depth from Surface in feet 230-373. Distance Bored in feet 143. 

Numbers of Cores 187-198. 

The only solid core in tliis 1 43 feet of the boring is a nodular fragment of white 
limestone about an inch in diameter. The other material is represented by finely 
broken-up granular particles of limestone with numerous foraminifera, a small propor- 
tion of fragmentary casts of corals, amongst which may be recognised pieces of 
Pocillopora, Stylophora, Caloria, Poiites, and other perforate corals, together with 
fragments of other organisms of the same kind as those previously noted. The friable 
character of this rock is probably in part due to the dissolving away of the corals. 

Depth from Surface infect 373-637, Distance Bored in feet 264. 

Niimhers of Cores 199-312. 

The solid cores still form only a small proportion of the materials in this boring ; 
their total length is 18 feet, or but little more than one-fifteenth of the distance 
passed through. They consist of greyish, moderately hard, porous and cavernous 
limestone, containing foraminifera in great numbers, with some casts of corals and 
fi^agments of various organisms, cemented together by crystalline calcite. The cores 
in which foraminifera preponderate are harder and more compact than those partly 
formed of coral casts. The coral genera comprise Lohophytum, Pocillopora^ Seriatopora^ 
Stylop^hora^ Cceloi^^ Astrcea, Prionastrrsa^ Madrepora, Montipora^ and Porites. The 
common foraminifera belong to OrhitoliteSy Caipenteria, Calcarina, Polytrema^ and 
Amphistegina. Cycloclypeus makes its first appearance in the boring at the depth of 
570 feet. Detached alcyonarian spicules, echinid spines, Serpvla tubes, polyzoa, and 
casts of gastropods are generally present. Halimeda, Lithothamnion. Samples of the 
broken-up, granular, material generally resemble the rock of the solid cores. 

Dejythfvom Surface infect 637-748. Distance fiored infect 111. 

Numbers of Cores 313-366, 1a-31a. 

Between the depths of 637 feet and 748 feet the rock markedly differs from the 
hard greyish limestone of the cores immediately above. It becomes milky-white and 
chalky-looking, soft and very porous, so that it can be crushed between the fingers. 
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Crystalline dolomite largely replaces calcite as the cementing material. Together 
with these changes, is an increase in the proportion of the solid core, the length of 
which altogether is 19 feet or about one-sixth of the distance passed through. The 
rock cores are mainly composed of foraminifera, and in some portions the detached 
joints of Halimeda, with a few casts of small corals. Nodules formed by the encrust- 
ing layers of PoJytrema plaiwm i^ound corals and otlier organisms form a prominent 
feature of the cores. Examples of Cyclocly2)eus are numerous and of very general 
occurrence in the rock })etween (543-698 feet. AlveoUna first appears at the depth 
of 725 feet and contunies down to 740 feet. A mph{stcgi7ia emd Hetero.stegincc a,re very 
abundant. 

In addition to the coral genera noted in the core above, the following are present 
as casts : Ilydnophora, CyphastrcBa, Cycloserisy AstrcBopora and Tiivhiiiw.Ha. 
Encrusting forms of Lithothamnion occur, but as a rock former it has here less 
importance than Halimech, 

Depth frovi Surface in feet 748-1114^. Distance Bored in feet 366^. 

Numbers of Coi^es 32a-709a. 

The lower third of the boring, from the level of 748 feet to the bottom at 1 114^ feet, 
a distance of 3665- feet, is, with one exceptional interval, of the same general character, 
and it markedly differs from the middle and upper portions. The rock is a hard, greyish 
to greyish -brown, dolomitic limestone, porous to compact, according to the measure in 
which the interspaces have been filled with the crystalline dolomitic matrix ; frequently 
with hollows and cavities where corals and other organisms have been dissolved out, 
though oftentimes these cavities have been again filled with the crystalline matrix. 
It is sufficiently consolidated to yield a practically continuous, solid, cylindrical core 
of the length of 3 11 1- feet. Though the organic remains in this dolomitic rock are 
often less favourably preserved than those in the limestone rock above, the con- 
tinuity of the core is better suited for determining the nature and arrangement of 
the constituent organisms than where the larger part of the rock has been broken 
up into fine granular material, as is the case in the higher part of the boring. 

The rock-forming organisms in this dolomitic rock consist apparently of the same 
kinds of foraminifera, corals, calcareous algse, &c., as in the beds al)ove. They show 
a general disposition in layers or zones in which one or the other of the gi'oups of 
corals or foraminifera predominate.* The various layers are not distinctly marked ofi* 
individually-, but they gradually merge into each other. Thus for a distance varying 
from a few inches to several feet the solid cores are principally composed of foraminifera 
with an admixture of calc^ireous algse and fragments of other organisms, but with 
only a few corals or perhaps none ; above and below this layer the rock cores are 
largely, if not entirely, of casts of corals, but usually some foraminifera, Lithothamnion, 

* I have not noticed lines of stratification in any part of the cores, 

•i 
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citrulm^ with pieceis of MUlepora n/xlosd and Madrepora, The greater part of the core is a hard, grey 
detrital sediment, with numerous foraminifera, belonging to OrbitoliteSy Tijwporu^, Polyirenui miniaceum^ 
P. pktnum, and Arnphistegiiui, Liihothamnum, Gastropod shells. 

(3) [503]. Length 120 millims. Core cylindrical, composed of lumps of MUlepora nodoaa^ Heliopora 
e(eruleaf and pieces of Alcyonarian stems, referred to Lobophytumy with branching Lithothumnian. The 
Lcbophytum stems are sub-cylindrical, the longest fragment measuring 57 millims. in length hy 18 millims. 
in thickness; they are made up of robust, tuberculated, fusiform spicules, ranging up to 2 millims. 
in length by 0*5 millim. in thickness. The spicules are nearly in contact, but without definite 
arrangement. The stems are overgrown by several successive thin layers of Lithothamnum^ which have 
probably tended to prevent their disintegration. The same kinds of foraminifera are present as in 
the preceding core, with the addition of Xubecularia. Serpula-tubes, Gastropod shells. 

(4) [604-606]. Length 85 millims., width 102 millims. Cylindrical core, almost entirely of Mddrepora 
eonteda ; the interstices of the corallum are now, to a large extent, filled up solid with sclerenchyma. 
Borings of Clioiui in places. The coral is surrounded by a whitish hard sedimentary material, containing 
MntolUeSf Haddonui^ Spirarbis, stellate spicules of LeptorJinum and LitJuAJuimnion. 

(5) [504, 505]. Length 114 millims. Core cylindrical ; the central part of it consists of a large mass of 
Astnta sp., encrusted by Polytreina planum and thin layers of LMoihamuian, and these, in tiu^n, are 
overgrown by an undetermined perforate coral. A thick wall-plate of Heliopora ccendea^ perforated 
by VlioiuK Fine-grained detrital material containing OrhiiolUes complanata^ Tinoporus baculatus^ Gypsina 
iwA(rir/Ks, Polytrema tinninreum, echinid spines, Leptoclinum spicules, Holothunan plates and branching 
Ijthttihamtnon. 

(t>)« Lo»gth 30 millims. A fragment of hard limestone with the same form of AMram as in the 
prtHHHiihg core. Nodular Lithothamnion, 

^7). Length 108 millims. Cylindrical core of a grey, hard, cavernous limestone, composed of pieces of 
tUliopom anulea and Madrepora^ with a considerable amount of encrusting and branching Lithothamnion. 
At l^tVMO i)f core a layer of foraminifera, chiefly belonging to Tiiwporu.% Polytrema miniaceumy and 
.4 mphinififinay jiartially cemented together. Echinid spines. Serpula and Spirorbis, Gastropods. 

(H). Longth 34 millims. Nodular lump of hard grey coral rock, consisting of Heliopora cceruleay Pontes, 
i.$thi4hiut^nii»H with foraminifera, filling the interspaces. Same forms as in preceding core with the addition 

^Vi U>» It) [007]. Lengths 38, 30, 44 millims. Three nodular lumps of rock similar to preceding, 
vHMiMuUn^ y^ //r/i(>/x>ra ati^uleay much bored by Clionay Madrepora, Lithothamnion, both encrusting and 
hmuohiuif. Vtilyhfiim miniareum. Spirorbis. Gastropod shells. 

/V/>M /it»/M SnrjUce, 10-20 feet ; Distance Bored, 10 feet; Total Length of Core 

Ohtaiiiedy 2 feet 5 inches; Numbers of Cores, 12-18. 

VVIutiKh 4jroy, gt't^y, and mottled limestone, hard, in part cavernous, in part massive, 

tUc luu'^^'*' vH»rt»H mainly of corals ; Heliopora^ Pocillopora and Madrepora ; the lower 

vv^vtk N\»«» lv> 18» principally of branching LitJwthamnion with Polytrema planum. 

TKv uUv^'HiHKH^ U^t wotMi the corals and between the branching ZiVAofAammon are filled 

a v^ili\ N^hilinh ilotritul sediment consisting of foraminifera, echinid spines, stellate 

ui;sii^^'% v»t* JWhoiiUHUH. A.c\ This material in some places is consolidated into hard rock, 

i yij<v v'i^x^ 0^^'^^ ^*' ^'^^ same core, it is incoherent, loose and powdery. The corals, 

i4..v^.^\A. a^kI v.'HKH^rtHJUH algae retain their structures and are in the same condition 

««^v^'S<«v>ii M ihi^' uearer the surface, referred to above. 
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(3). — Detailed Notes on the Materials from the Main Boring. 

Depth from Surface^ 0-10 feet ; Distance Bwed, 10 feet ; Total Length of Core 

Obtained, 2 feet 10 inches ; Numbers of Cores, 1-11. 

{The figures between curved brackets give the number of the co^^e, and those between 

square brackets the number of the microscopic slide.) 

The cores obtained in this first 10 feet from the surface are of a greyish -white, 
hard, partly cavernous limestone, with patches of a dirty greenish tint wherever 
Heliopora is present. They are principally of coral in cylindrical masses and 
irregular nodular lumps. The hollows between the corals are, in the cores from 
immediately below the surface, partly filled with the roots of plants and other 
vegetable debris, in the lower cores the interspaces are now either vacant, or filled 
with a fine detrital mud, either firmly cemented into a hard, dull, whitish rock, or as 
a loose, incoherent powder, which contains foraminifera, echinid spines, minute 
stellate spicules of ascidians, fragments of coral, gastropod shells, and pieces of 
encrusting and branching Lithothamnion. 

The corals* present belong to Millepoi^a, Heliopora, stems and detached spicules of 
alcyonaria, referred to the genus Lobophytum, Astrcea, Madrepora and Forites. The 
structure in these corals is usually well preserved, but in many instances their 
interstices are now so infilled with a deposit of crystalline sclerenchyma and other 
materials, and further masked by a net work of tunnellings of sponges and other 
boring organisms, that it is difficult to make out their original characters. Not 
infrequently also, where the sedimentary calcareous mud has not penetrated into 
the interior of the corals, the interstices remain vacant or they are infilled with fine 
prismatic crystals of '* conchite" or aragonite. 

The length of the solid cores obtained (2 feet 10 inches) is somewhat less than 
one- third of the distance bored. The part of the boring not represented by the cores 
was composed, according to Professor David, chiefly of foraminifera, belonging to the 
genera Orbitolites and Tinoporus, Professor David considers that the materials 
from the surface to a depth of 3 feet below, represent a coral breccia, and the 
remaining 7 feet a raised reef, with patches of foraminifera and coral sand. 

Details. 

(1) [601]. Length 136 millims. Core cylindrical, consisting of irregular lumps of Millejxn-a nodosa^ 
Heliopora cceridea, and Aladrepma. The corals are encrusted by layers of Folytrermi planum and 
Lithothamnion. Orhitoliks marginalia Polytrema miniaceum, Tinoporus hacidahts, and Amphistegina Lessonii 
are present. Echinid spines. Stellate ascidian spiciiles referred to Lepioclinum, 

(2) [502]. Length 108 millims. Core cylindrical ; about one-fifth of it consists of a mass of Heliopora 

* As stated previously, I propose to include the Hydrocorallince and the Alcyonaria with the 
Madreporaria under the general term " Corals." 

2 C 2 
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ccttuleiiy with pieces of Millepora iwdimt and Madrepora, The greater part of the core is a hard, grey 
detrital sediment, with numerous foraminifera, belonging to Orbitolites, TinaparuSf Polytrenui ininiaceum^ 
P. plaiiumy and Amphiskgiiui. LUhothdmnion. Gastropod shells. 

(3) [503]. Length 120 millims. Core cylindrical, composed of lumps of Milkpora iwdoaa^ Heliopora 
cmid^a, and pieces of Alcyonarian stems, referred to Lobophytumy with branching Lithoihiivmion. The 
Lobophijtum stems are su]>cylindrical, the longest fragment measuring 57 millims. in length by 18 millims. 
in thickness; they are made up of robust, tuberculated, fusiform spicules, i-anging up to 2 millims. 
in length by 05 millim. in thickness. The spicules are nearly in contact, but without definite 
arrangement. The stems are overgrown by several successive thin layers of Lithoihamnion, which have 
probably tended to prevent their disintegration. The same kinds of foraminifera are present as in 
the preceding core, with the addition of Nubecukiria. Serpula-tubes. Gastropod shells. 

(4) [604-606]. Length 85 millims., width 102 millims. Cylindrical core, almost entirely of Madrepora 
conteda ; the interstices of the corallum are now, to a large extent, filled up solid with sclerenchyma. 
Borings of Climva in places. The coral is surroimded by a whitish hard sedimentary material, containing 
OrbUoliteSj Haddonia, Spirwhis^ stellate spicules of Leptoclinum and LitJwtJuiianion, 

(5) [504, 505]. Length 114 millims. Core cylindrical ; the central part of it consists of a large mass of 
Astriea sp., encrusted by Polytreina planum and thin layers of Liihoihamnian, and these, in tiu*n, are 
overgrown by an undetermined perforate coral. A thick wall-plate of Heliopora caTulea, perforated 
by Clionn, Fine-grained detrital material containing OihUolUes complamtta, Tinopoi'^ui haculatmy Gypsina 
inJt<eirm, Polytreina miniareum, echinid spines, Leptoclinum spicules, Holothurian plates and branching 
Lithothaninioii, 

(6). Length 30 millims. A fragment of hard limestone with the same form of AMrcea as in the 
preceding core. Nodular Litliothamnion. 

(7). Length 108 millims. Cylindrical core of a grey, hard, cavernous limestone, composed of pieces of 
Hiliopora carulea and Madrepwa, with a considerable amomit of encrusting and ])ranching Lithvthamnimi. 
At base of core a layer of foraminifera, chiefly belonging to Tinoporus, Polytreina miniaceum, and 
Amphistegina, partially cemented together. Echinid spines. Serpula and Spirorbis. Gastropods. 

(8). Length 34 millims. Nodular lump of hard grey coral rock, consisting of Heliopora cierulea^ Poriies, 
LithotJiamnion with foraminifera, filling the interspaces. Same forms as in preceding core with the addition 
of (h'bitolites. 

(9, 10, 11) [607]. Lengths 38, 30, 44 millims. Three nodular lumps of rock similar to preceding, 
consisting of Heliopora cceruleay much bored by Cliona^ Madrepora, Litliothamnion, both encrusting and 
branching. Polytrema miniaceum. Spirorhis, Gastropod shells. 

Depth from Surface ^ 10-20 feet; Distance Bored, 10 feet; Total Length of Core 

Obtained f 2 feet 5 inches; Numbers of Cores, 12-18. 

Whitish-grey, grey, and mottled limestone, hard, in part cavernous, in part massive, 
the higher cores mainly of corals ; Heliopora^ Pocillopora and Madrepora ; the lower 
cores, Nos. 15-18, principally of branching Litliothamnion with Polytrema planum. 
The interspaces between the corals and between the branching Lithothamnion are filled 
in with whitish detrital sediment consisting of foraminifera, echinid spines, stellate 
spicules of ascidians, &c. This material in some places is consolidated into hard rock, 
in other places, even in the same core, it is incoherent, loose and powdery. The corals, 
foraminifera, and calcareous algse retain their structures and are in the same condition 
of preservation as those nearer the surface, referred to above. 
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Details. 

(12). Length 55 millims. A nodular rock with cavernouti hollows, consisting of a clump of Pocill^jpora. 
The corallites are for the most part filled up solid ; the coral has been extensively tunnelled by boring 
organisms ; some of the borings remain empty, others are infilled by fine detrital mud, now consolidated 
into hard rock. Folytnmn minimrut/i, LithoUuiinniou^ with embedded orange-tinted tubes of Serpulu, 

(13) [506, 507, 608, 609]. Length 110 millims., diameter 100 millims. Cylindrical core nearly all of 
Madrepora cmfeda, the corallit<js of the branches and some of the coenenchyma filled in ^dth fine 
sediment, or with fibrous crystals of " conchite " or aragonite ; other portions of the ccenenchyma remain 
empty. Ueliopora nfruhi, fragment. Poli/trema minmceum. Lithotliamnion. 

(14). About thirty irregular nodular fragments of hard, grey rock, worn by drill, the largest piece 
50 millims., diameter 60 millims. Principally of corals : Helwj^ra anulea^ Pocillipnra sp. with encrusting 
LitJiothumniotL 

(15, Ibhis.). Length 205 millims., diameter 103 millims. Core cylindrical, for the most part a 
solid, compact, hard, mottled rock consisting of Heliopara cctntlea^ Purites (*?), and Litlwiluunnum, Inter- 
mediate areas are filled in with fine detrital sediment conUiining Pohjtrema miuiacmm^ numerous echinid 
spines, some of large size and of purple colour, and tubes of Serjmla. The sediment is now, for the most 
part, a hard rock, l)ut in places it remains incoherent and powdery. Professor David considers that this 
core is part of a coral reef platform formed at low-water level. 

(16) [610]. Nodular fragments (22) of hard cavernous rock, principally of Helufpara aendea^ Miulrepiri'a, 
encrusting Poli/tremo planum^ and Lit liotluii union, P. miniacemu and Carpenfnia also present. Largest 
fragment 50 millims. long by 65 millims. wide. 

(17, 18). Length 275 millims., diameter 103 millims. Cores cylindrical, largely of branching LHho- 
thimnion ; the interspaces of fragmental materials and fine sediment, partly hardened into firm rock, 
partly as loose chalky powder. OrhitoliUn, Polytrema jniniacnnn, echinid spines, gastropod shells, small 
coprolitic pellets, orange-tinted tubes of Sf*rpula, 



Depth from Surface, 20-30 feet; Distance Baredy 10 feet; Total Length of Core 

Ohtained, 'i feet 4 inches; Ntimhers of Cores, 19-33. 

Whitish-grey, hard, cavernous limestone, mainly of thick plates of Heliopara, and 
undetermined perforate corals, with branching nodular and encrusting LitJiothamnion, 
supplemented by the encrusting Polytrema planum. Interspaces between the corals 
are sometimes vacant, Init more frequently filled with detrital calcareous mud, either 
consolidated into hard rock, or occasionally as an incoherent chalky powder. The 
foraminifera in this sediment include Orhitolites, Placopsilina, Glohigerina (rarely) 
and Polytrema miidaceuni. Other organisms present are detached stellate spicules 
o£ Leptocliaum, echinid spines, Setpula, gastropod shells, and, rarely, detached joints 
of Halimeda. Professor David states that these cores certainly represent reef rock. 

Details. 

(19). Length 100 millims. Rounded core, principally of branching and encrusting LitfwiJuimnim with 
«ome small pieces of Helvqma caruleu, now in part bleached to a greyish tint. Irregularly laminated 
growths of an undetermined coral or hydrocoralline. Rock very cavernous, some of the vacant spaces may 
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have been originally filled with incoherent chalky mud, which has been washed away in the drilling and 
extraction of the core. 

(20). Length 103 millims. Character similar to preceding, principally of branching and encrusting 
LUhGthamnimi. In the hardened calcareous mud Polytrenui miniaceinriy retaining the pinkish tint, also purple 
echinid spines. 

(21, 22) [611]. Length 133 millims. Core cylindrical. The Heliojxna rcerulea is more prominent than 
the Lithothamnion in these cores. Its structure is well preserved, the tubes are partly empty, partly filled 
in with fine detrital mud. Laminate undetermined coral, the same as in core 19; its structure is masked 
by sclerenchyma and prisms of " conchite," and it is also extensively bored by algae. The corals overgrown 
by Lithothamnion and Poh/irema phnum. In the consolidated mud Orbifoliff.% rarely ; some detached 
3-rayed spicules of calcisponges ; Ije.ptoclinuni stellates, echinid spines, Snpula-twhQs. 

(23). Length 38 millims. Of the same materials as the preceding core ; a commingling of Heliopara 
cwriUea and Lithothamnion^ with detrital mud containing echinid spines, Polyirema^ coprolitic pellets, &c. 

(24) [612, 613]. Length 120 millims. Core cylindricfil, consisting of a very cavernous mass of Heliopm-a 
cceruleay an undetermined coral, Polytreimi planum and Lithothamnion, Stellates of IjeptMnum^ abundant in 
mud, echinid spines, Catpenteria and P. minmannih Professor David states that this is an undoubted reef 
rock in situ. 

(25). Length 69 millims. Like the preceding. The Ueliop<na is growing in thick upright laminse, with 
the structure preserved ; it is extensively tunnelled by Cluma sponges and other organisms. In the detrital 
calcareous mud there are large purple echinid spines and a few joints of Halimeda, 

(26) [614]. Length 50 millims. Nodular lump, mainly of Lithothamnion^ with some small pieces of 
Heliopara aendea; encrusting Pohjtrema planum abiuidant, frequently alternating with Lithothamnion, 
Echinid spines, LeptocHnum spicules, OrfntoliteSy Glolngerinay rare. 

(27-31) [509, 615]. Rounded nodular pieces of core, with an aggregate length of 171 millims. Consist- 
ing of Heliopmu and Litliotliamnion, generally similar to the preceding. Halimeduy stellate spicules of 
Leptoclinum^ minute fragments of Heliopara, &c., in the consolidated mud. Placopsilinu. 

(32) [508, 627]. Length 118 millims. Cylindrical core, consisting principally of a perforate coral, so 
infilled with sclerenchyma that it cannot be determined with certainty. It may possibly belong to 
Madrepora, The coral is overgrown by successive thin layers of Lithothamnion. Partially coherent 
foraminiferal and fragmental material, containing Orbitolites, Polytrema miniacenm, D'ptoelinnm stellates, and 
coprolitic pellets, surround the coral. 

(33). Length 95 millims. Hard greyish, very cavernous core, consisting of Heliopara cwiiiha^ an 
undetermined perforate coral, branching LHhothamnion, and echinid spines. 



Depth from Surface, 30-40 /ee^; Distance Bored, 10 feet; Total Length of Core 

Obtained, ^ feet 4 inches; Numbers of Cares, 34-55. 

The cores are of whitish grey limestone, hard, cavernous to compact, mainly an 
agglomeration of corals and calcareous algse, surrounded by fine sedimentary material 
with foraminifera, echinid spines, stellate spicules of ascidians, small fragments of 
corals, Lithothamnion and Halimeda, The principal corals are Millepm^a, Heliopora, 
Pocillopora, Stylophora, Madrepora, and Montipora. The corals retain their structure, 
but they are largely perforated by boring organisms, and the interspaces are mostly 
infilled with sclerenchyma or with prisms of " conchite," which mask their characters. 
The foraminifera belong to Orbitolites, Flacopsilina, Discorbina^ Caipenteria^ and 
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apparently in position of growth. The interspaces of the coenenchyma in this specimen as well as the 
corallites of the branches are largely infilled with sclerenchyma or sediment. 

Depth frcmi Surface, 40-50 feet; Distance Bmx'd, 10 'feet ; Total Length of Core 

Obtained, 1 foot 1 inch ; Numbers of Cores, 56-59. 

The only cores obtained from this 10 feet of the bore consist of irregular fragments 

of whitish-grey, hard, coral rock, and massive blocks of Madrej)ora contecta, in the 

same condition of preservation as tliose previously referred to (Cores 13, 52). Other 

corals present belong to Stylophora and PociUopora, Detaciied spicides of alcyonaria, 

echinid spines, Serpula, Spirorbis, Polytrema mvniaceuni, Lithotlhainnion, branching 

and encrusting. 

Details. 

(56). Length 40 millims. An irregular fragment, consisting of pieces of coral and other organisms 
agglomerated together. Stijlnphora, JWilloponf., alcyonarian spicules, echinid spines, plates of Cidari$, 
Serpnki, Spirorhis, 1\ mlniacenm. Branching and encrusting Lithothnmvioti. 

(57). Length 66 millims. Fragments of rock with Sfffhphora, echinid spines, i^c. 

(58). Length 87 millims., diameter 103 millims. A block of Mwhepora ronferta, with the interspaces 
largely filled up with sclerenchyma and carbonate of lime. The upper and under portions of this block 
show eroded and pitted surfaces to which Spirorhis and Carpenttria ifUfnfirularis are attjiched. 

(59). Length 138 millims., diameter 102 milh'ms. Massive cylindrical core of Mudrepora ronfeda. The 
coenenchymal interspacas of the interior of the coral are for the most part empty. The upper surface is 
uneven and covered with small pits, the work probably of boring organisms, and in these numerous 
individuals of a small Spirorhis are fixed. The direction of the branches indicate that the coral is in its 
position of growth. 

Depth from Surface, 50-60 feet ; Distance Bored, \0 feet ; Total Length of Core 

Obtained, 1 foot 2 inches ; Numbers of Cores, 60-67. 

The cores consist of nodular lumps of cream-coloured, hard, dense coral rock, mostly 
so infilled with sclerenchyma and other materials that the character of the organisms 
is obscured ; AstrcBa, Madrepora, and Montipora (?) are present. Stellate spicules of 
Leptoclinum, Carpenteria, and Gypsina, Encrusting Lithothanuiion. 

Details. 

(60) [511, 512]. Length 62 millims. A lump of Madrepora raiUfrla (1), the structure nearly entirely 
concealed. 

(61) Length 35 millims. A flattened lump of Madrepora sp., the coral now filled in nearly solid. A 
central cavity, probably a boring, filled in with white incoherent powder. Lower surface with pittings and 
Spirorhis, Poli/trema miniaefum, 

(62) [628]. Length 40 millims. A solid lump of Madrqma encrusted by successive thin layers of 
Lithotliamnion, The coral interspaces partly filled with prisms of " conchite," partly with fine consolidated 
sediment containing LepiocUnum stellates, Carpenteria and Gijpsiiui. The minute structure of the coral is 
preserved, also the delicate ramifications of boring algae. 

(63). Length 35 millims. A rounded nodule of an obscui'e coral, probably Montijma, 

(64) [620]. Length 35 millims. A rounded nodule of Asfnpu sp. The minute structure shown in the 
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microscopic section. The corallites are in part empty, in part lined by radiating acicular crystals. The 
borings in the coral infilled with fine, hard, granular sediment containing stellates of LeptocUnum. 

(65). Length 73 millims. An irregular nodular mass of Madrepora voidtda^ having the interspaces, for 
the most part, solidly infilled. The surface in part pitted, with attached Spirarhis and cheilostomatous 
polyzoa. 

(66). Length 23 millims. A small compact nodule, probably of Madrfpora. 

(67) [621]. Length 40 millims. A nodular mass of Madrepora^ the interspaces of the coral nearly filled in 
solid with sclerenchyma. 

Depth from Surface, ^0-70 feet; Distance Bored, 10 feet ; Total Length of Core 

Ohtavned, '1 feet 2 inches ; Nximhers of Cores, 68-84. 

The cores for the most part are nodular masses of whitish -grey, or cream-coloured, 
dense, hard,- coral limestone, either nearly compact or minutely porous. The corals 
are almost entirely of Madrepora, with a single piece of Heliopora c(B7^lea. In some 
of the coral lumps a portion of the surface is pitted by boring organisms. Some 
incoherent fragmental materials produced by the action of the drill have been obtained 
from the depths of 65 and 70 feet from the surface. They consist principally of 
foraminifera, small angular pieces of broken coral, alcyonarian spicules, echinid spines, 
polyzoa, Lithothamnion and Halimeda. Of less conmion occurrence are detached 
spicules of calcisponges, joints of corallines, entomostraca, small claws of crustaceans, 
stellates of Leptoclimmi, and small gastropods. The detached valves of a brachiopod, 
Thecidea maxilla, Hedley, also occur. The most common foraminifera are Amphiste- 
gina Lessonii and Heterostegina dei^ressa ; Mr. Chapman has determined several 
other forms, a list of which is given below. All the organisms are very fresh looking. 

Details. 

(68) [622, 623]. Length 42 millims. A rounded nodule of Madrepora, the interstices largely infilled with 
sclerenchyma. The coral is encrusted by delicate layers of Lithothunmiun, alternating with Liyei^s of Pol^- 
trema planum. Borings infilled \vith fine sediment containing stellates of Leptorlinnm, I\ miniaceum, 
Carpenieria and Serpida tubes. 

(69). Length 32 millims. A nodular lump of Madrrpora cotifecta, the interior so infilled with solid 
8clerench3ana as to Ije scarcely recognisable. In a small cavity, ix)lyzoa, lamellibranch shell and Setpnla. 

(70-73). Irregular nodular lumps of hard, cream-tinted rock, partly worn by drill, having a total 
length of 136 millims. Surfaces pitted in places, with SpirorbU atUiched. The rock composed of Madreponi 
cofUecUi, the coral interspaces filled in solid with sclerenchyma, &c. Some poi-tions extensively bored by 
CHona, the tunnelling now filled with fine hardened mud. Pohftrtma minuic^um, LUhoUuiianion, 

(74). Length 50 millims. Piece of cylindrical core of hard dense rock ; nearly entirely of Madrepmn 
conteda, in the same condition as the preceding. The upper surface is overgrown by Lithothamnion and on 
this Pontes is attached. The lower surface is pitted, and a few examples of Sjnrm^his are growing on it. 

(74). From the same depth, 65 feet, as the solid coral and bearing the same number (74), a box of 
fragmental materials consisting of loose angular particles of the same cream-tinted coral rock as the solid 
cores. These evidently have been produced by the action of the drill in the process of boring, the coral 
structure can be recognised in many of the small pieces. Mingled with the coral fragments are other micro- 
scopic organisms in considerable variety, having a fresh, unworn ap})earance, many of them are fractiured, 
but they have not been rounded. Mr. F. Chapman gives the following list of the foraminifera : Miliolhia 
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sidyrotunddj Orbitolites cvnipUmata^ 0. iruirginaliii^ Textulaiia sagittuUi, var. fistulosa, Ciidellaria articuluta^ 
Sagrirm raphanuSf Spirillina vivipara, Spirillina^ sp. nov., Discarbina jmtellifmmisy IMscarhina, sp. iiov., Trun- 
catidina rostraki, Gt/psina r^dciUari.% Polyhema miniaceumy also var. alhay Amphistegina Lessonii, Hetermkgiiia 
depessa. With the exception of the two last-named species, which arc very common, the forms are rare, 
and the majority are only represented by single specimens. 

Alcyonarian spicules are very abundant. They are detached, varied in size, strongly tuberciilate, and 
probably l>elong to the genus Lobophytum, Echinid spines are abundant and well preserved as regards 
their stnicture, but for the most part they are only fragments. Detached test plates of Cidana are present, 
also portions of the dental apparatus of echinids. There are a few fragmentary three-rayed calcisponge 
spicules, but no spicules of siliceous sponges have been met with. Entomostraca are represented by a few 
valves of a species of Bairdia. 

Claws of small crustaceans occur, but they are not common. Minute fragments of poly zoa are numerous, 
also the minute stellate ascidian spicules referred to Lepfoclinum. Theddea maxilh. Small forms of 
gastropod shells and detached opercula, are fairly plentiful, the shells range in length froiti 0*7 millim. to 
2*5 millims. and in greatest width from 0*25 millim. to 1"5 millims. Mr. Edgar A. Smith, of the 
British Natural History Museum, has recognised the following genera : Cerithinm, Tnforis^ Marginella^ 
Ijeptothym (opercula only), Cydostrerna and llissoina. Small ovoid pellets, prol)ably coprolitic in character, 
are very numerous. Detached joints of Ilalinmh, also joints of corallines, either singly or three or four 
in connection, are of common occurrence. 

(75, 76). Two irregular pieces of hard coral rock, together 76 millims. in length, of Madrepm^a contecia 
and an undetermined coral. The corals mostly infilled solid with sclerenchynia, <fec., and partly overgrown 
with LUIwthamnion, 

(77). Length 30 millims. An irregular nodular fragment, worn by drill, of Heliopara cwrulea, encrusted 
by successive layers of Lithothamnion, The coral is of a dirty green colour, and the tubes are now solidly 
infilled with «clerenchyma. 

(78). Length 101 millims., width 77 millims. A cylindrical core of Miulrejwra cmileda. The coral 
somewhat cavernous where excavated by boring organisms, in places also encrusted by Lithofhamnion, 

(79, 80, 81). Length 66 millims. altogether. Irregular fragments of hard coral rock consisting of 
Madrep&ra and of an undetermined perforate coral encrusted by LWwtJmrnnimi, 

(82). Length 65 millims. Hard nodular mass of Miuirepora conteda, mostly infilled solid. In places 
bored by Cliona. Parts of surface unevenly pitted and with minute Spirwhis attached. 

(83) [5 1 3]. Length 50 millims. A nodular mass of M, canUda similar to the preceding ; overgrown in places 
by Lithotluimnum. The coral structure is well preserved, as seen in section under the microscope ; the 
interspaces are partly empty, partly filled with prisms of " conchite." 

(84). At 70 feet. Fragmental materials coarse and fine, the greater part angular chips or fragments 
of hard grey coral rock broken up by drill. Mingled with these there are a few foraminifera, alcyonarian 
spicules, echinid spines, opercula of gastropods, coprolitic pellets, and joints of corallines. The foraminifera, 
as determined by Mr. Chapman, are : Spirilliim sp., nov., PulvinuHna repandxi, Gypsina globulus^ one 
specimen each, Polytrema rniniaeeumy also var. albay Amphistegina Ijissonii and Heterostegina depressa, 
common. 

Depth from Surface, 70-80 feet ; Distance Bored, 10 feet; Total Length of Core 

Obtained, I foot 1 inch; Numbers of Coi^es, 85-93. 

The only solid cores in the 1 feet are irregular nodular fragments of hard, whitish- 
grey, or cream-tinted limestone, technically termed "knoblings" ; they are rounded 
to some extent by the drill. These nodules are almost entirely of Madrepora contecta, 
in the same condition of preservation as the specimens in the cores above. With the 



REPORT ON MATERIALS FROM THE BORINGS AT FUNAFUTI ATOLL. 203 

Madrepora, Pontes occasionally occurs. The corals are in places overgrown by 

Lithothamnion and Polytrema planum ; P. miniaceum, retaining its pink tint, 

likewise occurs. The coral lumps taken together are but little over 1 foot in length ; 

the remaining 9 feet are only represented by small angidar fragments of coral, broken 

up and triturated by the drill, commingled with foraminifera, spicules of alcyonaria, 

branching glassy fragments of polyzoa, echinid spines, small gastropods, coprolitic 

pellets, joints of Halimeda, and corallines. The organisms are all in good 

preservation. 

Details. 

(85-87) [624]. ToUd length 114 millims. Four nodular lumps of coral rock consisting of the common 
Madrepora cimtecUi, The structure is preserved, the interstices are largely filled with sclerenchyraa, in 
some parts the coral is tunnelled l)y l>oring organisms, and the tuiniels are now packed with hard 
granular sediment containing minute pieces of coral and stellate ascidian spicules. The coral is over- 
grown by alternate layers of finely laminate Litlwtluinin'wn and Poh/frema phnnm. Orbiiolitff,% Carpevteria, 
and Amphlstegina. 

(88) [625]. Length 62 millims. A no<lular piece of Mndre/H/m contfrin, the structure well shown in 
microscopic section ; it is apparently unaltered ; the interstices of the coenenchyma are empty, or lined 
with prismatic crystals of " conchite." 

(89) [626]. Length 40 millims. Irregular nodule of hard whitish rock, consisting of a piece of perforate 
coral, possibly Porite,^, thickly encrusted by alternate laminae of TMhotliainniijn and Polytrema planum. The 
laminie of the LithotJinmnion do not fit evenly over the substratum, but leave interspaces, filled in with 
fine sediment, largely consisting of stellate ascidian spicules, probably belonging to Ijpioclinum, Gypdiui^ 
Amphisteg^ina Lessmii, and Heterodegma depressa. 

(90). At 75 feet. Fine-grained fragmental materials, consisting largely of angular fragments of coral 
rock, and of fresh looking pieces of coral with the interstices empty. The following foraminifera have 
been determined by Mr. Chapman : — OMoUtes complanaia^ rare ; 0. marginaJU, frequent ; Carpenteria 
brtlaniformiSy rare ; PoJytrt^ma mhmcnim^ frequent ; var. alba., one specimen ; Amphidegina Lessanii and 
Heterostegina dtprcmt, both species very abundant. Detached 4-rayed spicules of calcisponges ; 
alcyonarian spicules, abundant ; small fragments of Sff/Iasfn, sp. ; entire and fragmentary spines, detached 
test-plates and ti^eth of echinids ; entomostraca, rare ; claws of small crustaceans ; Spirorlds ; branching 
fragments of i)olyzoa ; minute lamellibranch shells ; shells and opercula of small gastropods, determined 
by Mr. Edciar A. Smith to belong to the following genera : — Cfntw, Ij'ptoihip-is (only opercula), TriforiSy 
Marginellaf Bisstxi, PhamuieUuj CohmhtUa and Atlanta, The smallest of these shells is 0*75 millim. in 
length by 0*25 millim. in breivdth, and the largest 2*5 millims. by 125 millims. Coprolitic pellets are 
very common. This detrital material is very similar in character to that from Core 74 above. 

(91, 92) [629]. Length 124 millims. Two irregular nodules of Madrepora roiiteda, the structure well 
preserved, the coral interstices nearly filled up solid with sclerenchyma. Siuiaces overgrown with thin 
laminate LUhothamnion, Carpetiferia present. Borings in the Lithothamnion filled up with fine hardened 
sediment containing stellate spicules of Leptoclinum. 

(93). Length 53 millims. by 87 millims. in breadth. An irregular nodule of Madrepora coniecia^ the 
coenenchymal interstices largely vacant. 

Depth from Surface, 80-90 /ee^; Distance Bored, 10 feet; Total Length of Core 

Obtained, \ foot 4 inches; Numbers of Cores, 94-100. 

The solid cores obtained are cylindrical or nodular hnn|3s of whitish-grey and 
cream-coloured limestone, with some nodules of dirty-gi'een Ilellopora rock. The 
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upper cores are of the same kind of hard, mostly compact, coral rock which extends 
from the surface to the depth of about 84 feet, below this the rock is more of a 
porous character and softer so as to be more readily scratched by a knife. The solid 
cores are almost entirely of corals belonging to Heliopora ccendea, Pocillopora, 
Orbicella, Madrepora, Porites and AstrcBopora, The coral structures are preserved ; 
the coral interstices are either empty or partly filled with radiating crystals ot 
" conchite/' The spaces between the branches of the Pocillopora are infilled with 
calcareous sediment containing numerous foraminifera and fragments of Lit hot li amnion 
and Halimeda, According to Professor David, the part of the section not represented 
in the cores consists of fine rubble and ** sand " (detritus of calcareous organisms). 

Details. 

(94). Length 150 millims., by 81 millims. in diameter. A solid cylindrical core, nearly entirely of 
Madrepara sp., growing over a fragment of Pmiies. The corallites mostly infilled with sclerenchyraa. 

(95). Length 42 millims. A rounded nodule of compact hard rock, consisting of several successive 
explanate layers of a perforate coral, (?) Ponies. The coral is encrusted with Litlwtlwmnion and perforated 
by Cliona. 

(96) [514]. Length 33 millims. A fragment of whitish porous rock, consisting of OrhiceUa^^, The coral 
interspaces either empty, partially filled with fine sediment, or with radiating prisms of " conchite." 
Amphute^jina. 

(97, 98). Two nodular lumps of Hdiajyom aerulea, one 60 millims. by 50 millims., the other 75 millims. 
by 50 millims. The structure well shown ; the tubes for the most part empty and unaltered. The outer 
surface pitted by boring organisms, Serpula attached. Also partly encrusted by Lithothamniany and to 
this orange-tinted annelid tubes are affixed. 

(99). Length 37 millims. A cylindrical core of white, porous, fairly hard rock, consisting of Antroeopora ; 
the corallites are, in part, filled with sediment, in part empty. 

(100) [515]. Length 75 millims. by 80 millims. in diameter. Rock similar to preceding; the core 
consists of a clump of closely arranged, branching, Podlhporay apparently near to P. glamerata, Gardiner. 
The structure fairly well preserved, the corallites either empty or infilled with sediment or radiating 
crystals of " conchite." The sediment filling the spaces between the branches of the coral contains the 
following foraminifera, determined by Mr. Chapman : — Miliolinay Orhitolit^^, Globigerina (rare), Roialia (t), 
TmnccUulina^ Carpenteria, Polytrema planum^ GypHna, Amphi4fgina and Heterodegimh LiiJwthamnion and 
joints of Halimeda also occur. 

Depth from Surface, 90-100 feet; Distance Bored, 10 feet; Total Length of Core 

Obtained, \ foot I inch; Numbers of Cores, 101-108. 

The only pieces of solid cores from this 10 feet of the boring are six small irregular 

lumps of porous v^^hitish limestone, consisting of corals, including Pocillopora, 

Orbicella, and Porites, These corals retain their structure!^ in good preservation. 

Nine feet of the boring are only represented by detrital materials, mainly triturated 

fragments of hard coral rock with detached foraminifera, spicules of alcyonaria, echinid 

spines, and joints of Halimeda. 

Details. 

(101). Length 63 millims. Cylindrical core, principally of a nodular lump of Pontes inclosed in a mass 
of lightly cemented fragmental material, mainly of alcyonarian spicules, Amphutcffina, &c. 
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(102). Sample of finely granular dctrital materials consisting principally of small angular chips of coral 
rock, triturated by the drill; amongst these IJeliajma rxvrnJm and perforate coral structure can be 
recognised with a lens ; the foraminifcra include OHnioIUes romphumta, Tinifporm hufulafus^ Auq)hidi'(fina 
Lessonii and Hei^'rastcgina (hprrssa. Alcyonarian spicides, echinid spines, and Halimffla, 

(103, 104). Total length 105 millims. Two irregular nodular lumps of PociJhpom sp., similar to the 
form in Core 100, showing in places the surface characters of the coral. Numerous joints ojf Halimcda 
are cemented to the coral. 

(105) [630]. Length 35 millims. A nodular lump of OrhireUa lu'lioiMyra. The structui'e of the corallum 
is fairly well preserved, the interstices, in part empty, in part infilled with radiating crystals of " conchite," 
calcit€, or with white hardened mud, containing stellate spicules of lA'ptorliinim. 

(106). Length 30 millims. An irregular fragment of Porilhjxmi. 

(107). Length 23 millims. A small nodule of hard white coral rock, showing {Ksrf orate structure, 
probably Pontes, 

(108). Sample of granular fragmcntal material, similar to that of Core No. 102. The angular chips 
appear to bo mainly of coral rock, pieces of IMiopom nrndra are present. Of the foraminifera, 
Mr. Chapman has determined, MiUoJiua rimilaris, one specimen, Pohjtrema in.iinaa'uw^ rare, Amphistegina 
Lesaonii^ Hetrrostcgittn drpirasd. Also alcyonarian spicules and echinid spines. 



Depth from Surface, 100-110 feet; Distance Bored, 10 feet; Total Length of Core 

ObtatneiJ, 7 inches; N^nmhers of Cores, 109-115. 

The solid cores in this 10 feet of the boring are only represented by a few rounded 
fragments of wliitish or cream -coloured limestone, with a total lengtli of 7 inches. 
These fragments are principally of corals : PocUlopora, Fungia (?), Astrofa, Madrepora, 
and Montipora, The coral structure is preserved. One piece of the rock is of fine 
organic sediment with foiaminifera, LejHoclinwn stellates, &c., cemented into hard 
rock by calcite and prismatic crystals of ** conchite.'^ The greater part of the core, as 
shown by samples, consists of coral rock now broken up into minute fragments by the 
drill, with a small proportion of foraminifera, alcyonarian spicules, echinid spines, &c. 
In one sample minute chips of the greenish Heliopora cceriilea are present. 

Details. 

(109). Sample of loose materials, mainly small angular chips of coral rock, often stained a rusty tint by 
the iron of the drilling apparatus ; some chips of Hdiopora, Amphiatefiimii D'ssanii, echinid spines and 
alcyonarian spicules. 

(110) [516, 517]. Length 32 millims. l>y 48 millims. A rounded irregular nodule of fairly hard white 
rock with roughened surface ; it is composed of detrital mud with numerous foraminifera, a fragment of 
Fungia (1) and other organisms. The foraminifera include OrhitoHies^ Caipenffria, Poh/ire ma planum, Gijpdna, 
and Amphuteginu. Sjnrorlns, stellates of Tjpiodinum, Lith/ffhumnion. 

(111) [518]. Length 33 millims., breadth 22 millims. A small roimd nodule of hard white coral, 
apparently a piece of Asfnni, with the minute structure well shown. The septal interspaces lined with 
prismatic crystals of " conchite," or partly filled with calcite and detrital sediment. 

(112). Length 66 millims. A cylindrical core mainly of a massive M adrejmra, tha corallites largely 
infilled with sclerenchyma, Sec. At base, detriUil mud with Ainphhif{jimi, now cemented into hard 
white rock. 
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(113). Length 23 raillims. A nodule of hard greyish rock consisting of branching Port/^xwa. The 
corallites for the most part solidly infilled with sclerenchyma, &c. 

(114) [519]. Length 26 millims. A nodular lump of hard rock consisting of Mtmtipora, The interseptal 
spaces almost entirely filled up with prismatic crystals of ** conchite." Hardened detrital mud attached 
to the coral contains OrhUoWes, Carp'nfrriay stellate spicules of LeptorUnurn, and fragments of Lif/wtharnnion. 

(115). Sample of loose detrital materials, principally minute angular chips of coral rock, like those in 
No. 109. A mphisteffina, alcyonarian spicules. 

Depth from Surface, 110-120 feet; Distance Bored, 10 feet; Total Length of Core 

Obtained, 8 inches; Numbers of Gore^, 116-120. 

The solid cores consist of five partly cylindrical lumps of hard, whitish or cream- 
coloured limestone altogether only 8 inches in length. Three of these pieces are of 
Madrepora contecta ; the structure of the coral is well preserved, the interspaces are 
either empty or infilled in varying degrees with sclerenchyma or radiating prismatic 
crystals. The two other pieces of core consist of Monti pora and a thick mass of 
Millepora nodosa, in good preservation. The materials composing the rest of the 
boring are presumably rubbly rocks, ground up fine by the drill ; samples from the 
middle and lower portions of this 10 feet of the boring are similar to those described 
above ; they consist mainly of little angular chips of rock with a small proportion of 
foraminifera, alcyonarian spicules, gastropoda, claws of small Crustacea, joints of 
Halimeda, &c. 

Details. 

(116). Length 83 millims. Rounded core of Madrepora rxtnteda. The ccenenchymal interstices for the 
most part empty, as in recent specimens. 

(117) [631]. Length 50 millims. Cylindrical core of the same coral as the preceding. In places 
it is penetrated by borings of Lithodomns, 

(118). Sample of fine granular material from the boring, principally of angular chips of rock; small 
solidified casts of the corallites of PociUopora can be distinguished. Amphist^gina Lessonii, not uncommon. 
Alcyonarian spicules, polyzoa, gastropoda. Halimeda. 

(119). Length 25 millims. A cylindrical core of Montipora sp., in places penetrated by annelid tubes 
and bored by Cliona. 

(120). Length 50 millims. A rounded core of Millepora nodosa; the interstices of the skeleton in the 
interior of the corallum, for the most part not infilled. Serpulartuhes. 

(120). Sample of granular material, principally of angular chips^ of rock with some Amphiskgina Lessonii 
and alcyonarian spicules. 

Depth from Surface, 120-130 feet; Distance Bm*ed, 10 feet; Total Iicngth of Core 

Obtained, 2 feet 4 inches; Numbers of Cores, 121-129. 

About one-fourth of this 10 feet of the boring consists of solid, massive, cylindrical 
cores of gi'eyish-white or cream-tinted limestone, mainly of corals, with a considerable 
admixture of fragmental and foraminiferal material filling up the interspaces between 
them ; the material is cemented into hard rock. The corals belong to Milleporay 
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Pocillopora, and Madrepora. PocUlapora is very al)iindant, it forms the main 
constituent through several consecutive cores with a total length of 1 6 inches, and is 
apparently in the position of growth. The coral has the minute structure preserved, 
the interspaces are either empty or lined with prismatic crystals of *' conchite," or 
jmrtly with calcite and fine sediment. The corals are frequently encrusted by 
Polytvema jylctnura. Tjithothamnion is also present. Amphistegina Lessonn is very 
abundant, Tinoporus hacidatus, and CavpentericL A sample of loose material from 
the lower portion of this part of the core contains angular fragments of hard rock 
with some foraminifera, echinid spines, &c. 

Details. 

(121). Length 144 milliras. Massive cylindrical core 80 millims. in diameter, consisting of a thick 
layer of Madrepora sp., with branching Pocillopara and Millqmm. Between the corals fragmental materials 
with OrhitoHtes, Amplmtegimi, purple echinid spines, Serpnla^ Litholhamniou . 

(122). Length 80 millims. Cylindrical core generally similar to preceding, of PociUitpora and 
Madrepffi'a, with a considerable amount of cemented fragmental and foraminiferal rock, Amphistegma^ 
Litholhamniou. 

(123) [632]. Length 100 millims. Cylindrical core with MiUepoiaj PmUopora and Madrepora, The 
minute structure of the Porillopora shown in thin section ; the borings in the coral mostly infilled with 
granular mud containing stellate ascidian spicules; the coral is partly overgrown with a thick layer 
of Fohjtreina planum. Other foraminifera present are Amphishijiva, Tijwporus and Carpfntfria. Echinid 
spines. 

(124) [633]. Length 70 millims. Cylindrical core, of hard, compact to porous, rock, principally of 
FocUlopora with a piece of Madrejmra amierta. In fragmental mud same foraminifera as in No. 123. 
Gastropod shell. 

(125). Length 75 millims. Hard, somewhat porous limestone, due to the empty interstices of the 
corals. Largely of PociUopora^ with some MHUpora and Madrepora. Amphktegimi^ echinid spines, 
LUhoiharanion. 

(126). Length 50 millims. Cylindrical core, principally of Porillopora in fragmental material, with 
Amphuiegina and Tinoporn.^ haculahi,^. 

(127). Length 70 millims. Cylindrical core, like the preceding, mainly of Pmllopora^ also with a piece 
of branching Ma^hepora. Consolidated detrital mud with Orhitoliie.^ and Amphvifegina. 

(128). Length 100 millims. Cylindrical core, cavernous 0!i outer surface where imperfectly cemented, 
fragmental mateiials having been washed away. Principally of Pocillopora^ apparently belonging to the 
same species as that in the preceding cores, 121-127. Fragmental materials with Amphisfegina, echinid 
spines, Serpala^ gastropod shell, Liihothunmion, encrusting ; also in thick laminse. 

(129). Sample of finely ground-up materials, mainly of angular chips of rock, with a few foraminifera 
principally Amphiskgimi Les.i(mii ; Spi/oloeulma grata, one specimen, determined hy Mr. Chapman. Small 
gastropod, echinid spines. 



Depth from Surface, 130-140 feet ; Distance Bored, 10 feet ; Toted Length of Core 

Obtained, \ foot ; Ntimbers of Coves, 130-134. 

Two pieces of cylindrical cores and four fragments, with a total length of 1 foot, 
represent the solid cores from this 10 feet of the boring. The cores are of hard 
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greyish-white limestone, and consist principally of Madrepora with the interstices 
of the coral filled up solid, and some pieces of Pocillopora. Some of the smaller 
pieces of rock are of consolidated foraminifera and fragmental materials, including 
alcyonarian spicules, stellate spicules of ascidians, and Lithothamnion. The 
foraminifera belong principally to Orhitolites, Carpenteria, Polytrema^ Tinoporus and 
Amphistegina, The sample of fine grained material consists, as usual, largely of 
angular chips of whitish rock with a few scattered specimens of foraminifera, 
frequently fragmentary ; they include Gypsina vesicvlmns, Noniorana umbilicata and 
Amphistegina Lessonii, 

Details. 

(130). Length 127 millims. Cylindrical core principally of a massive Madrepoia, the corallites mostly 
filled up with sclerenchyma. PociUcrpom. Consolidated fragmental material with foraminifera and 
polyzoa. 

(131). Three rolled nodular pieces of core, with a total length of 73 millims., consisting of fragments 
of Madrepora similar to the preceding. 

(132) [634]. Length 32 millims. An irregular flattened piece of hard rock consisting of consolidated 
fragmental materials with an Astraean coral, a fragment of alcyonarian stem referred to Lohophytumy 
numerous foraminifera, mentioned above, stellate spicules of Lepiodinum and gastropoda. Nodose 
IMlwthamnion. The spicules of Lohophytum^ viewed in transverse sections under the microscope, have a 
very similar appearance to fibrous radiating oolitic grains ; they show delicate fibres radiating from an 
axial line, and sometimes concentric growth lines. The spaces between the spicules are filled with fine 
sediment. The fragmental materials are cemented together by calcite. 

(133) [635]. Length 75 millims. Cylindrical core of hard grey rock, consisting of Madrepora. The 
coral interstices partially filled with sclerenchyma, the borings in it with fine mud or radiating prisms of 
" conchite." Polytrerna planum partly overgrows the coral. Orhitolites. 

(134). Sample of loose fragmental materials, with foraminifera, also with alcyonarian spicules, echinid 
spines, polyzoa, and small ovoid coprolitic pellets. 

Depth from Surface, 140-150 /ee^; Distance Bored, 10 feet ; Total Length of Core 

Obtained, 5 inches; Numbers of Cores, 135-137. 

The only solid cores from this 10 feet of the boring are three rounded pieces of 
grey, dense, hard, coral rock, apparently Madrepmri sp. Tiie remaining 9 feet 
7 inches of the boring consists, according to Professor David, of '* sand " or fine 
rubble. 

Details. 

(135) [636]. Length 55 millims. Rounded core of Madrepora sp. similar to that in Core 133. The 
interstices of the coral are for the most part infilled with sclerenchyma, calcite, or prisms of " conchite." 
Coral partly overgrown with Polytrerna planum. Carpenteria and Aniphistegiiui present. 

(136) [637]. Length 32 millims. A nodular piece of the same coral as the preceding. 

(137) [638], Length 33 millims. A cylindrical core of the same Madrepoia as the two preceding, and 
in the same state of preservation. 
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Depth from Svrface, 150-160 /et'^; Distance Bored, li) feet; Total Lemjth of Co^i^e 

Obtained, 5 inches; Nwiihers of Cores, 138-141. 

The solid cores of this 10 feet of the boring are represented by a cyHndrical mass 

and two rounded nodules of hard gi^eyish-white limestone, having a total length of 

5 inches. In contrast witli the large majority of the solid cores hitherto met with, 

which have been principally of corals, these cores are of consolidated fragmental 

materials with numerous foraminifera and also detached joints of Halimeda. The 

organisms are well preserved and are cemented together by calcite. A sample of 

loose materials from this dej)th consists of the usual angular fragments of whitish rock 

with a few foraminifera. 

Details. 

(138). Sample of fragmental materials containing AmphisUf/ina Li^inniU, Tiiuqn/ius handaius and 
alcyonarian spicules. 

(139, 140). Two nwlular j)ieces of hard white rock, with a total length of 54 millinis. Apjmrently 
of consolidated fragmental materials, but their character is not distinguishable without a microscopic 
section. 

(141) [520, 521, 522]. Length 80 millims. by SO millims. in diameter. Cylindrical core, of dense rock 
with a few small cavities. Of fragmental materials and foraminifera, belonging to OrlnioUhs, Textulaiia 
rugtisti, Tnniraffilinaj Phvunfmlina, Di^nnlnna, CrUkUaria, (iltJtvjfmm, Carpniinia, Pohitreiiui, Gi/p$ina, 
AmpMstegina and Hfterosffffina. Jlaliinftht abundant. Stellate 8j)icules of LepUKlinunt. 

Depth from Surface, \&0-\70 feet ; Distance Bored, 10 feet ; Total Length of Core 

Obtained, 0; Numbers of Cores, 142, 143. 

No solid cores were obtained from this 10 feet of the boring, only loose fragmental 
materials, two samples of which are leferred to below. 

Details. 

(142). Fine whitish powdery material of 8ul>-angidar and roundo<l grains, with Tinojmru.^ iHirulatiis, 
Amphistegiim Tj^i^sonii, alcyonarian spicules, polyzoii, and Setpula tubes. 

(143) [849]. Coarse-grained rock fragments, mostly stained a reddish tint, due to the iron of the 
drilling apparatus. A large majority of the grains are angular chips or splinters of rock ; the organisms 
are often fractured and have lost their fresh appearance. The commonest forms are Amjihistegina and 
alcyonarian spicules. The latter are in process of decay. The tul)ercles have mostly disappeared and the 
surfaces are now of powdery material. Other foraminifera determined by Mr. Chairman are Anomalina 
polyjnoipha, Tiiioporua /Himlafus, (hipsina sp. nov., (I. vcstrulan-^, Pobjhrma miniareum, and Carpi"nttna, Casts 
of fragments of MUkpom and Vonlhpura, and pieces of perforate corals. Polyzoa, ostracoda, echinid 
spines, rare, and broken joints of UaJinifdn. Small ])ieces of the cementing calcite are still attached to 
some of the organisms. 

Depth from Surface, 170-180 feet; Distance Bored, \0 feet ; Total Leiigth of Core 

Obtained, I foot 4 inches; Numbers of Cores, 144-150. 

The solid cores are cylindrical or irregular nodules of gi^eyish-white, hard, some- 
what porous or slightly cavernous limestone, principally of foraminiferal and 
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fragmental materials. Pieces of Madrepora and Porites, also of alcyouaria are 

present, which are consolidated with the smaller organisms by calcite. The 

remainder of this 10 feet of core consists, according to Professor David, of " sand " 

or '* coral" rubble. 

Details. 

(144) [523, 524, 639]. Length 85 raillims. Cylindrical core, slightly cavernous, where the fragmenta 
materials have not been consolidated. Microscopic sections show that the rock is composed of foraminifera 
and other organic fragments. The foraminifera belong to OrhitoliUs, Dvicaihhm, Terhtlaiia, Truncatulina, 
Carpenteiittj Globitjeiina, Polytrema, A mphistef^ina, and Ileterostegina. They are in good preservation and 
their minute structure is distinctly shown under the microscope. Echinid spines numerous. Branching 
and encrusting LUhot/uimnion, llalinmlu joints. 

(145) [640]. Length 100 millims. Cylindrical, somewhat porous in places. With the exception of a 
nodular piece of Purites^ encrusted by LiihoiJuimnioiiy the rock is foraminiferal, similar to the preceding. 
Alcyonarian spicules, echinid spines, small gastropod. HaUmedu, 

(146) [641]. Length 40 millims. A nodular lump of cream-coloured rock, rounded by drill, porous. 
A thin section under the microscope shows that it is a mass of alcyonarian spicules, probal)ly a portion of 
a stem of IMophyium. The spicules are ptvrtially decayed, the interspaces are filled by calcite. 
Amphuiief/ina. 

(147). Length 55 millims. Cylindrical, cavernous, also with small holes where organic fragments have 
been dissolved out. Appirently fragmentixl, the only organisms recognisable by a lens are echinid spines 
and Aniphistegina. 

(148). Length 60 millims. Rounded core of dense greyish rock, apparently Mitdrcptora \ structure 
indistinct. 

(149, 150). Length 55 millims. Two nodular pieces of porous rock, apparently fragmental, similar to 
No. 147. 

Depth from Surface, \^Q-\^Ofeet; Distance Bored, 10 feet; Total Length of Core 

Obtained, I foot 2 inches; Numbers of Cores, 151-158. 

The solid cores are for the most part small rounded pieces, but in two instances 
they are cylindrical. The rock is greyish-white limestone, moderately hard, cavernous, 
where fragmental materials have not been consolidated, and distinctly porous, with 
nimierous small holes, frequently with the definite outlines of some organism which 
has been dissolved away. One small piece of core consists of the stem of an 
alcyonarian, probably Lobophytum, the remainder apparently are mainly composed of 
foraminifera and fragments of organisms, consolidated by calcite. For the first time 
in this boring coral casts occur, in which the coral walls have been dissolved away, 
while the interstices, infilled with calcite, remain. The replaced corals are small 
examples of Stylophora and Pocillopoi^a, there are also other fragments which 
appear to be casts of Heliopora ccerulea. The remainder of this part of the boring, 
according to Professor David, is oV sand" or fine rubble. 

Details. 

(151) [642]. Length 23 millims. A portion of a cylindrical core of hard cream-tinted rock composeil 
of alcyonarian spicules forming part of a stem of Lobophytum, They are in the same state of preservation 
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as those of Core No. 146. Calcite now fills in the interspaces between the spicules. The stem is 
penetrate<l by holes made by boring organisms in the same way as in an ordinary coral, and the fine 
sediment infilling the borings contains Tnmr^iUnlhva and Amplmtegina, 

(152-156). Irregular nodular pieces of greyish-white porous rock having a total length of 151 millims. 
They are apparently composed of fragmerital materials, but hardly anything beyond detached alcyonarian 
spicules can be recognised with a lens. 

(157). Length 83 miliims., by 79 millims. in width. Cylindrical core of porous gi'eyish-white rock with 
cavities from which organisms have been dissolved out. The greater part of the core is fragmental, but 
there are in it casts of small examples of Styhplwm, Echinid spines. 

(158) [643]. Length 100 millims. (Ireyish-white, porous, and cavernous rock similar to preceding. 
Principally fragmental, small pieces of Porillopora are, however, present. In a microscopic section the 
following forminifeia can be recognised : Glolngerina (rare), CaqHiiteria, Pohjtrfma winiaammj P, planum, 
Gtfpsiruiy and Atnp/iisfctjina. Echinid spines and plates. The fragments are cemented into a hard rock by 
finely graniUar calcite. In some of the cavities laid open by slitting the core, there is fine white powdery 
material either loose or lightly consolidated. 

Depth from Surface, 190-200 feet ; Distance Bored , 10 feet ; Total Length of Core 

Obtained, A feet 8 inches; Numbers of Cores, 159-175. 

The solid cores of this 10 feet of the boring, taken together, reach to nearly one-half 
of the distance bored. Tlie cores are for the most part cylindrical, usually cavernous, 
and also with numerous irregular holes or pores and small slit-like hollows. The rock 
is a greyish-white moderately hard limestone, readily scratched by a knife. Very 
little can be distinguished with a lens, beyond that it appears to be fragmental in 
character and similar to the rock cores from the preceding 40 feet of the boring. 
Microscopic sections show that it consists principally of foraminifera, many of them 
broken up into small fragments, and of echinid spines. The only indications of corals 
are casts of Stylophora, Orhicella, and small pieces of Heliopora ccprulea in very 
imperfect preservation. Possibly some of the now empty cavities may have originally 
contained corals, but if so, no traces of them remain. The corals form but a veiy 
small proportion of this 10 feet of the core. Some of the cavities contain white 
unconsolidated powder. The rock appears to be mainly a fine organic sediment 
with foraminifera, now cemented l)y calcite, in which corals are somewhat rarely 

present. 

Details. 

(159) [525, 526]. Length 150 millims. Cylindrical, with cavities, where unconsolidated materials have 
heen removed. Microscopic sections show the following foraminifera : Ducarlnmi, Tninmttilina, Glohigerina, 
Carpenkriaj Polytrema miniarevin, P. planum, Gypdna, Arnphidegina, and llet^rostegina, Echinid spines 
plentiful, their stmcturc fairly well shown. The foraminifera less favourably preserved than in higher 
sections. The finer particles of sediment apparently without structure. 

(160). Length 75 millims. General characters similar to preceding. Imperfect cast of Heliopora 

rasTvlea. 

(161-165). Cylindrical cores of the same greyish-white cavernous and porous rock as the preceding, with 

a total length of 272 millims. Ciists of Ilelwjhna npr\ilea are the only organisms recognisable with a lens. 
(166) [644], Length 230 millims. Cylindiical core ; rock similar to the preceding. Fragment of cast 
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of Heliopora rcprulea ; the walls have disappeared, the larger and smaller tubes are infilled solid with 
calcareous material. Echinid spines common. A microscopic section shows Glohigerina (seldom), Caritenteriiiy 
Pohftrcma minvicemn, P. planum ^ Amphiskglm. Lessonii abundant. The section generally like that of Core 

No. 159. 

(167-169). Total length 208 millims. Two cylindrical cores and one nodular piece of the same kind of 
whitish-grey rock. Numerous thin slit-like hollows about 5 millims. in width by 0*5 millim. in thickness, 
which may be the casts of detached joints of Halijmdd. Indications of Heliapora, Echinid spines. 

(170). Length 150 millims. Core cylindrical, of similar rock to preceding. Some large cavities, one 
80 millims. long by 37 millims. wide, now partially filled with cast of HfUojmra dfrnlea. In another hollow, 
a cast of a small form of SlyJophora in white, soft, friable material, which goes to powder with a touch. 
The greater pjirt of the core of fragmental materials. 

(171, 172, 173). Total length 138 millims. (No. 173 is not represented). Cores cylindrical, with large 
cavities now partly filled with casts of Ifeliapora nenilea. The rest of the core fragmental, like the 
preceding. 

(174). Length 40 millims. by 80 millims. in width. A mass of an Astraean coral, perhaps Orhirdln, 
The coral structure has been almost entirely removed, and the walls and interspaces are now replaced by 
calcite. The coral apparently is in position of growth. 

(175). Length 125 millims. Cylindiical core of the usual grey hard rock with numerous small irregular 
hollows. Apparently almost entirely of fragmental materials, the only organisms recognised by the lens 
are echinid spines and Amphl'^lfginu. 



Depth from Surfcice, 200-210 feet; Distance Bored, 10 feet; Total Length oj Core 

Obtained, 10 inches; Numbers of Cores ^ 176-178. 

The 10 inches of solid cores consist, with tlie exception of a doubtful nodular 
fragment, of moderately hard, whitish-grey or cream-tinted cavernous and porous 
limestone, of the same character as that which has prevailed for the 30 feet above. 
The rock principally consists of fragmental materials with foraminifera, the cavities 
are partly filled with casts of corals belonging to Heliopora and Goniastrcea. The 
fine consolidated sediment in which tlie foraminifera are embedded is cemented by 
calcite. There is little to indicate tlie nature of the organic fragments of which the 
hollow casts remain. Echinid spines are common. At the depth of 210 feet 
the cores of 3 inches (75 millims.) diameter end ; for the rest of the distance, to the 
bottom of the boring, the cores are about 2^ inches (56-58 milHms.) in diameter. 

Details. 

(176) [527]. Length 43 millims. An irregular nodule of MiUepom, much decayed, so that the surface 
can be scratched with the finger nail. It is extensively bored by Clionu. Its condition differs so greatly 
from that of the proximate cores, that Professor David expresses a doubt whether it may not have 
accidentally fallen into the bore from the surface. 

(177). Length 60 millims. Core cylindrical, of the usual cream-tinted porous rock. Nothing definite 
can be recognised in it with a lens. 

(178) [645]. Length 150 millims. by 77 millims. in diameter. Core cylindrical, with large irregular 
cavities and numerous pores. Casts of JMmjfora Citrulca in soft powdery material, and Goniastrim sp. 
partiiUly filling the cavities. The greater pirt of the rock is seen in thin section under the microscope to 
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he a finely dotrital mud cemented by caleite; in this there are entire and fragmentary foramiiiifera 
belonging to frlohigerinn (rare), Polf/freina minia/umin^ and Amphkteijinn, Ilalimeduy not in good preservation. 

Depth from Surface, 210-220 feet; DUtance Bored, 10 feet; Total Length of Core 

Obtained, 9 inches; Numbers of Cores, 179-185. 

The solid cores for the most part are nodular lumps, rounded by the drill, of hard 
cream-coloured porous limestone, similar to the preceding. There are pieces of 
Pocillopora, Orbicella and of another astraean coral, either in the condition of casts 
or with the coral walls partly remaining, but the original fibrous structure is 
obliterated or replaced by calcite. The interspaces of the corallites are usually infilled 
with calcite. The larger part of the cores appears to l)e of fragmentary materials in a 
fine sediment now cemented by calcite into a fairly hard rock. Foraminifera are 
plentiful, more particularly Poltjtre7na plamtm and Amphistegina Lessonii, echinid 
spines, Serpxda, fragments of Lithoth amnion, A sample of the loose detritus from the 
boring consists of finely broken-up angular chips of a whitish rock similar to that in 
the solid pieces of core ; under the microscope it is seen to be principally of foraminifera. 

Details. 

(179). Length 75 inillinis. Core oylindiical, of porous grey rock. Only echinid spines visible under 
a lens. 

(180) [646]. Length 35 niillims. A rounded nodular piece of hard whitish rock, part of it an Astraean 
coral, the walls and septa remaining in some places, in others removed, leaving only casts. Foraminifera 
in the detrital material surrounding the coral, include Globiy farina, Carjwnteria, Polt/fretna niinm:€um, 
P. phvnnin, (rt/psina, Aniphisfajina, very abundant, and Hfferostctjimi. Echinid spines, Serpula, pieces of 
crustacean test, and Liihothainninn. 

(181) [647]. Length 25 millims. A lounded core containing (Jrhirrlla, in the siime state of fossilization 
as the preceding. Aniphist^ijina in sediment filling up a l)oring in the coral. 

(182). Length 30 millims. Fragment of dense whitish rock, mainly composed of casts of PoHlbpf/ra 
and lAthothimnion. 

(183) [648]. Length 33 millims. A no<lular lump of porous rock, mainly of foraminifera and fragments 
of other organisms cemented by calcite. (hinfoWca rmnphiimla, Cffinhalopora, Carpmtena, PoUftrcma, and 
^Imphisf^'fjina, echinid spines, StrimUi. 

(184). Length 30 milHms. l)y 47 millims. wide. A no<liUar piece of grey rock; the only traces of 
organisms are faint casts of Par iUn punt. 

(185) [835, 836]. Sample of loose mateiials. The fragments are angular or sub-angular; principally 
of CarjPf'nh'tia, Pohifrrma, and AinpJiistf'ti'nm ljf\<iionii, also a specimen of Calmnna hisjnda, determined 
by Mr. CHArMAX. Fragments of IMhothannnon. Some of the organic fragments are piirtially enclosed by 
calcite, showing that they have been produced by the breaking up of solid rock. 



Depth from Surface, 220-230 feet; Distance Bored, 10 feet; Total Length of Core 

Obtained, 4 inches; Number of Core, 186. 

The only solid cores from tliis 10 feet of the boring are foiu* irregularly worn, 
nodular pieces of moderately hard whitish-grey limestone, cavernous and porous, 
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about half of which consists of casts of Pocillojyora encrusted by Polytrema plamimy 
and TAthoihamnion, and half of fragmental materials, for the most part consolidated 
and cemented by calcite, ])ut in some of the cavities remaining as an incoherent 
chalky -looking powder. The foraminifera include Orhitolites^ Truncatidina^ 
Carpenteria, Polytrema miniaceum, and Amphistegina Lessordi, Echinid spines, 
pieces of Lithothamnion, &c. [528, 529, 530, 649]. 



Depth from Surface, 230-240 feet ; Distance Bored, 10 feet; Total Length of Core 

Obtained, 0; Nv.mhers of Core^ {Unconsolidated), 187, 188. 

No solid cores were ol)tained from this 10 feet, only samples of coarse and fine 
fragments of limestone l)roken up by the drill. Professor David states that some of 
the chips were I inch in diameter, iDut none over 2\ inches in diameter ; these were 
mixed with '' coral sand.'' The fragments are whitish, angular, such as would l^e 
produced by the pounding up of a lock similar to that of the preceding cores. The 
principal recognisable constituents are foraminifera, often witli worn surfaces, also 
casts of individual corallites of Pocillopora, with a few echinid spines and alcyonarian 
spicules. 

Details. 

(187) [850]. Mr. CllArMAN determined Gupsimi fjlobulv.^, Amphistrgina lA',<soniu large and very common 
Pocilhpara casts, &c. 

(188). Orhitolites inarr/inalu, Calmrina Impkh, Amphidegina. PocUhpora casts. 



Depth from Suiface, 240-280 feet ; Distance Bored, 40 feet ; Total Length of Core 

Obtained, I inch; Nrunbers of Cores {Unconsolidated), 189-198. 

With the exception of an irregular nodule, about an inch in length, of hard, whitish 
rock, no solid cores were obtained from the boring tetween 240 and 280 feet ; the 
only specimens to show the character of the rock in this distance of 40 feet are the 
loose, unconsolidated, fragmentary materials, produced mainly by the grinding action 
of the drill on the rock passed through. These are mostly angular chips of fairly 
hard, white limestone of much the same character as those previously described. An 
examination of tlie fragments under a lens, as well as of tliin sections from them, 
under a microscope, shows that foraminifera were numerous, and that the rock 
consisted principally of these organisms in a fine detritus, now cemented together by 
calcite. The remains of corals in this broken-up material are not numerous, but there 
are casts of Pocillopara, fragments of Stylophora, and of some perforate coral. 
Echinid spines are abundant, also some spicules of alcyonaria. Rarely, stellate 
jiscidian spicules and entomostraca. The single piece of solid core consists of 
foraminifera and fragmentary materials. 
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Details. 

(189) [837, 838]. From 240 to 245 feet. The broken-up fragments or rock-chips are somewhat coarse, 
The foramiiiifera present are Orbifnlifrs sp. (fragments), Carp*'nkria^ I'inoporus harulatus, Cakanna ImpUa, 
Polylrema minian'um, A nijfhisUfjina Lessunii (very common), and Hetfrostqfina tffpir.<sa. P]chinid spines. 
Alcyonarian spicules. Casts of Piwillnpura, Fragments of Cyclostoniatous polyzoa. The foraminifera are 
now loose, but it can be seen that they have been cemented into the rock, and have been set free by the 
breaking up of the rock by the drill. 

(190). From 245 to 250 feet. Fragmental material similar to No. 189. C innhahpora laMUffomm, 
determined by Mr. Chatmax, Amphiskijina, Ilffnosfftjimt, alcyonarian spicules, and echinid spines, rare. 

(191). At 255 feet. FiagnienUd materials, tine. The greiiter proportion of the foraminifera present 
iKjlong to Amjfhisfffjifin Lesson a ; there are a few examples of Orhitoliff's romjfldnafa and Manjinvlina fjhihra. 
Some detached casts of corallites of IWillopora, alcyonaiian spicides, and echinid spines. 

(192). At 260 feet. Simihir to preceding. Orbitolifes, OlMtjrrina (rare), Amphistcg^irui, Heterostegina. 
Casts of PmllojKyra, Fragment of Halinwda. 

(193-197). From 265 to 275 feet. Five siimples of fragmentid materials with the same general 
characters. Amphishijina Ijcssonli is common to all; other and rarer forms are Orhitolifes cmiiplanala, 
Tejriularia si/t/tfrniffra, CarjunUria t/K^nfinihiris, (tt/jtsina tflobuhis, Calatritu/ hispiila^ and Heterosteftimi depressa. 
Casts of Pin'iUojtorn, fragments of perfoi-ate coral, perhaps Pinifts. Polyzoa fragments, alcyonarian spicules, 
and echinid spines. 

(197 bin) [839]. From 270 to 275 feet. Sample of broken-up angular fragments of rock, somewhat coarse. 
Thin sections of some of the fragments show, under the microscope, ('arpfntcria^ Poli/ttrma minmrtiUNj 
P. planum and Amphisteijinn ; the forms are not loose but cemented to the rock fragments. Fragments of 
Stijlo^thora and pieces of perforate coral structure. Echinid spines ; consolidated sediment with stellate 
spicules of D'ptorlinutn. 

(198) [650]. From 275 to 280 feet. Length 35 millims. by 52 millims. in width. A nodular piece of 
whitishj'fairly hard, porous rock, consisting of foraminifera and fragmental materials in a matrix of calcite. 
OrhUdiUiiy Disrorbina, TrHnrniaUnn, PoJi/firma minkionun, P. planinn, (ri/psinay AmphiMfgimi, Alcyonarian 
spicules. 

Depth from Surface, 280 -330 /ee^; Distance Bo7'ed, 50 feet; Total Length of Coi^e 

Obtained, 0. 

The only materials o])tained from the 50 feet of boring between 280 and 330 feet 
are the broken-nj) fragments of a fairly hard, whitish limestone obtained from the 
boring by the sand-pump. The fragments are usnally angular, the larger chips are 
about 3 millims. in length by 2 to 3 millims. in breadth ; the smaller only particles of 
fine dust. The rock consists of foraminifera, principally Amphisiegina Lessonii ; 
casts of corallites of Podllopora, rarely, fragments of Millepora, and of perforate 
corals; echinid spines and alcyonarian spicules. The broken-up materials indicate 
that the rock is of tlie same character as that of the 50 feet above. The samples 
do not bear any core numbers. 

Details. 

From 280 to 290 feet. The organisms recognisable in the sample are Amphh<t*'(tina^ casts of Pocillopora, 
alcyonarian spicules and echinid spines. 

From 290 to 300 feet. The s^imples of broken-up rock are very similar to the preceding ; thin microscopic 
eectious [840] were made from coarse fragments of white rock from 293 feet, which contained Orbitolites, 
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Nonionina (li)y Glohigerimi^ Carpenicmi,, Polt/frrma rniniarevm, P. planum^ and HcfrmufHfinu. Fragment of 
Pocillopara, showing dark fibrous structure. Echinid spine. LHhoihamnion. 

The samples from 300 to 310 feet are of a fairly hard white rock, with but few organisms to be seen 
with a lens; Ainphhitc^jirM, alcyonarian spicules, fragments of polyzoa. A sample from 302 feet contained 
one or two pieces of perforate coral. Pontes (?). 

The fragments from 310 to 320 feet are of hard whitish rock similar to the preceding, with Ainphiiitcgina 
Lt'iiiionii abundant, and OrhitoUffs. Casts of Ptrillopora, fragment of Milhpora, alcyonarian spicules. 
Echinid spines, polyzoa, Bairdiu (rare). 

From 320 to 330 feet. The samples of powdered materials are still of white rock with the same kinds of 
organisms. A thin section [841] of some fine material from 325 feet contained AntpJusf/f/mi, Carjunferui, 
Pohjtrema miniacrmn, and Lilhdhaianhn. Pftrilhpora casts, alcyonarian spicules. 

Depth from Surface, 330-373 /('<?^ ; Distance Bored, AS feet; Total Length of Core 

Obtained, 0. 

In this 43 feet of the boring no solid cores were brought up; the only 
samples of the rocks passed through are the more or less fine, crushed, fragments 
produced by the action of the drill. This fragmental and powdery material is generally 
similar to the preceding. It consists of a fairly hard whitish or cream-tinted limestone 
with numerous foraminifera and pieces of casts of corals, which are distinctly more 
abundant than in the samples from the preceding 50 feet. Of the corals, Focillopora 
is most frequently met with ; casts of pieces of perforate coral, probably Porites, are 
also common, and a single fragment of a cast of a meandriform coral, (?) Cceloma was 
also noted. The foraminifera usually become detached from the matrix iu the 
crushing of the rock, their surfaces are rough and have lost the polish of recent 
specimens. The most abundant form is Amphisteyina Lessonii, other genera 
represented are Orbitolites, Bolivina, Disco^^hina, Glohigerina, Anomalina, Carpenteria, 
Polytrema^ TinopoimSy and Calcarina, There are also echinid spines, polyzoa, 
entomostraca, and Haluneda. 

Details. 

From 330 to 340 feet. Somewhat coarse fragmental material, with casts of JWillopora and perforate 
corals. The foraminifera include Bolivina, Caharina, and AmphiMeijina. Fragments of lamellibranchiate 
shell, polyzoa, echinid spines, IlaUumla joints. 

From 340 to 350 feet. Fine material intermingled with coarser angular fragments about 5 millims. in 
length. Fragments of Pocilhpora and pieces of perforate corals. Ptnites (?), numerous. Ctist of piece of 
meandriform coral, Coilona (?). A microscopic section [842] was made from some of the coarser fragments 
of the white rock brought up from 350 feet; they consisted of pieces of coral showing the fibrous 
stnicture, Nnheculaiia (?), Glolri genua, Carpenteria, Polytrema, and Afnphisfegina ; pieces of fine-grained 
sediment, with fragments of foraminifera, echinid plates, and joints of Halimeda, in a matrix of calcite. 

From 350 to 360 feet. Samples of the same kind of rock fragments as the preceding, with fragments 
of PocUlopoi-a and perforate corals ; Am])histegina, echinid spines, Ilalimeda. 

From 360 to 370 feet. Materials for the most part fine, with occasional larger chips of the white rock. 
In addition to the pieces of Porillopora and perforate corals, there are spicules of alcyonaria, with their 
tubercles partially decayed and powdery ; fragments of polyzoa, hairdia, claws of small crusUiceans. 
Amphistegina very common, Anohialina, Disc&rbina, and Ca^carina. 
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From 370 to 373 feet. Sample of fine powdery material, with angular and partially rounded chips of 
greyish rock up to 7 millims. across. Fragments of Pocilhpora common, also pieces of polyzoa. A 
microscopic section [843] of some of the larger chips of the white rock showed that it consisted 
of sediment, with entire and fragmentary foraminifera, jilso pieces of coral showing minute stnicture. 
The foraminifera include Cdrjt^-nfnia, Pohjtrnna niiniacfuiit, P, planum, 7ivojMfn(s Ixirulalint, Calcarina, and 
Amphisffffina, 



Depth from Surface, ^7^-^7^ feet; Distance Bfyred, 5 feet ; Total Length of C<yre 

Ohtainech I foot 9 Inches ; Numhers of Cores, 1 99-206. 

These are the first solid cores, with the exception of a fragment about an inch in 
diameter, which have })een obtained from the l)oring in a distance of 143 feet ; that 
is, firom a depth of 230 feet to 373 feet, only loose, broken-up small fragments of 
rock, or so-called sand, reached the surface. The cores from the present 5 feet of the 
boring are cylindrical, of a hard, compact to minutely porous limestone, whitish-grey, 
with numerous faint pinkish spots (foraminifera) and occasional hollows where corals 
have been partially i-emoved. Tlie rock is composed principally of corals and 
foraminifera with broken branching Lithothamnion. There is some amount of fine 
sediment, very little altered beyond consolidation. The different components are 
cemented together by a calcite matrix. The corals present belong to Podllopora, 
undetermined Astr^eans, Madvepora contecta, and Porites : they are all in the 
condition of casts, the original structures having l)een dissolved away for the most 
part, or replaced either by calcite, or a fine powdery material. 'J'he foraminifera 
form, perhaps, a larger proportion of the rock than the corals ; they principally 
consist of OrhitoUtes and Ampliistegina Lessonii. The latter is very abundant, 
the rock in places being filled with them. Other organisms are echinid spines, 
stellate ascidian spicules, now replaced by calcite and casts of small gastropods, the 
shells being entirely removed. 

The rock of these cores is harder, more compact, and less porous and granular than 
that of the cores between 170 and 230 feet, and the foraminifera and Lithothamnion 
in it are in a much l^etter state of preservation. 

Details. 

(199). From 373 to 378 feet. Length of specimen 25 miliinis. A nodular piece of hard grey rock, 
consisting of (hhihlifes and Ainfhisfctjhia, with fragments of LiihofhunniUm cemented by calcite. 

(200). From 373 to 378 feet. Length of specimen 65 millims., ])readth 64 millims. Core cylindrical, 
principally of corals; casts of PitriUnporo. An Astra^an coral poorly shown, and Madifp^nra €4mtecta. 
Microfloopic sections of the corals [531, 532, 532a] show that the fibrous structure is partly retained 
in PociUopora, though much altered ; in the Madn/njra it has l)een either removed or replaced by calcite ; 
the original interstices of the coral are in part infilled with fine organic sediment, now consolidated, or 
with crystalline calcite. The foraminifera present belong to Orhifolitfs, (ilobujenna, Varpcnlerki, Polytrema 
mmiaceum^ P, plamim, Gt/pdnu, Calcarina, and Amphhtfgina, Casts of gastropods. LWtothamniim. 

(201). From 373 to 378 feet. Length of specimen 56 millims. Core rounded, hard, somewhat porous. 

2 F 
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Piece of cast of an Astrsean coral Orhicdla (?) and Madrepora. Core principally of coral. Arnphiskgina 
Liihathamnion, and casts of gastropods. 

(202). From 373 to 378 feet. Length of specimen 80 millims., breadth 55 millims. Core cylindrical, 
with imperfect casts of Astrsean corals, Madrepora amfecta, and Pt/nies, Larger part of core of 
Amphisifftina and OrbifoliteSt with LUhotlmmnion^ in a fine sediment, now consolidated into hard rock. 
Gastropods. 

(203). From 373 to 378 feet. Length of specimen 32 millims. Core cylindrical, generally similar to 
preceding. Casts of Pocillopora and Madrepora, Foraminifera very numerous, the same as in No. 202. 

(204). From 373 to 378 feet. Length of specimen 68 millims. Cylindrical core, with imperfect cast of 
Astrsean coral. Greater part of core consists of fine, calcareous sediment, with minute fragments of 
foraminifera and other organisms, and great numl)er8 of Amphistegina Lessonii, Orltif/Aites, Polyfrema 
iiiiniaceum, Calmnnaj and Textnkma are also shown in microscopic section [651]. Echinid spines. Casts 
of ascidian spicules. Nodular fragments of Liihoihamnion. Organisms well preserved, except corals^ 
Interspaces filled with calcite. 

(205) [652]. From 373 to 378 feet. Length 115 millims. Core cylindrical, 55 millims. in diameter, of hard 
compact to porous rock, generally similar to preceding. Cast of Astraean and of Madrepora. Structure of 
coral dissolved, but the infilled borings of Clionu and other organisms remain. Larger part of core consists 
of foraminifera, which include, besides the predominant Amphistegina, OrhitoUte,% Trunmtulinu, Poh/ireimi 
miniaceum, P. plannm, (rtfjisina, Cal carina,, Carpenteiia, and Heteroategina. Ascidian spicules replaced by 
calcite. 

(206). From 373 to 378 feet. Length 85 millims. Core cylindrical, rock similar to preceding. Cast 
of Astraean coral and Madrepora c^niecta, Orhiiolites, Amphistegina, Lithothamnion. Casts of gastropods. 



Depth from Surface, 378-410 feet; Distance Bored, 32 feet; Total Length of Core 

.Obtained, 0. 

This 32 feet of the boring is only represented by loose fragments, and powder of 
the rock broken up by the drill. The rock is fairly hard, whitish to somewhat drab- 
tinted ; very little can be seen in it with a lens beyond casts of Pocillopora and 
perforate coral, probably Pontes, and a few foraminifera, belonging to OrbitoliteSy 
Carpenteria, Calcarina, Amphistegina, and Heterostegina. 

Alcyonarian spicules, echinid spines, fragments of polyzoa, and casts of gastropods. 
Pieces oi Lithothamnion. A microscopic section shows that the foraminifera, &c., are 
eml^edded in sedimentary material, and cemented by calcite. 

Details. 

From 378 to 390 feet. The samples are of angular or partially rounded chips of rock, up to 12 millims. 
across. Casts of Pocillopora rare, fragments of perforate coral ; Calranna, Amphistegina, gastropod casts. 

From 390 to 400 feet. The samples are of rock chips and powder, partly white, partly of a drab tint. 
Pmllopora casts, fragments of perforate coral numerous, probably Pf/rites, Alcyonarian spicules, fragments 
of polyzoa, Amphistegina, echinid spines. 

From 400 to 410 feet. Coarse and fine materials intermingled [844] ; some of the broken rock chips 
are 12 millims. across. Fragments of perforate coral Parity (1) ; also numerous pieces of Pocillopora, Some 
of the chi|)B of white rock are seen in thin sections to be composed of fine sedimentary material with 
AmMHtegiiutf (hhitolites^ Carpenteria, and small broken pieces of LithofJuimnion, 
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Depth f7Vm Surface, 410-420 ^ce^ ; Distance Bored, 10 feet ; Total Length of Core 

Obtained, 10 inches ; Numhers of Cores^ 207-213. 

From the gieater part of this 10 feet of the boring only broken up, small fragments 
and powdered rock were obtained, but between 415 and 417 feet some rounded 
nodules and partly cylindrical cin-es of solid rock, having a length altogether of 
10 inches, were brought up. These cores are of hard, whitish limestone, partly 
compact, and partly with pores and small cavities where corals have been dissolved 
away. The corals are now as casts, poorly preserved ; they consist of Pocillopora, 
an Astra^n, genus uncertain, C(doria, Madrepora contecta, Madreptyra sp., and 
portions of the stem of Lobophytum, The spicules in this latter partly retain their 
fibrous structure, but most of them appear in thin section to be changed to an 
opaque amorphous material. The corals in the solid cores are surromided by 
foraminifera and organic fragments, and consolidated by calcite. The foraminifera 
are of the usual kinds, the genera are given below, their structure is fairly well 
preserved. Amphisteyina Lessonii is the predominant form. The crushed rock- 
fragments appear to be of a similar character to the solid cores. 

Detaii^. 

(207). From 415 to 417 fcot. Lenorth 45 millims. [653]. A nodular core, rounded by drill ; it contnins 
caste of an Astraean coral, and of MaArepora sp. The rock is mainly foraminifcral ; the following genera 
are present : Orhitolit^'s, darpeninm, Poh/frema miniaceum, Gypdnu, Calmnna^ and A mphistegimi ; also 
alcyonarian spicules and Lif/iofhwnni^m in small fragments. 

(208-210). Three irregular rubbly pieces of whitish, hard rock, with a total length of 68 millims. Gjusts 
of Madrepora C4yn1ecta, OrhitoWes, Amplmtegina, Echinid spines. 

(211). Length 55 millims. Cylindrical core, rock cavernous. Casts of Pocillopora and Madrepora, 
Foraminifera as in preceding. 

(212). Length 50 millims. [654]. Core cylindrical, cavernous. Casts of Madrrpora and Pocillopora, 
Stem of Loltophytiun, 40 millims. in length by 8 millims. in diameter, an agglomeration of spicules nearly in 
contact, the interspaces filled in with calcite. The following foraminifera are shown in a microscopic 
section of the core: Orhitolitcn, TexMaria, Carpentaria, CaJcanna, Polytrema miniacmw, P, plamim, 
Amphisf^gina, and HHrrosfefjina, also fragments of Liiholhamnion, 

(213). Length 40 millims. Irregular lump of white cavernous rock, worn by the drill; it contains 
casts of Cfdoria and Madrepora. 

From 417 to 420 feet. Sample of broken-up angular fragments of rock and powdered material brought 
up in the sand-pump. Casts of Pocillopora, and fragments of perforate corals. Alcyonarian spicules, 
echinid spines. Microscopic sections of some of the rock chips [845] exhibit casts of corals and foraminifera 
in a fine detritjil sediment. Orhifolifrs^ Spiral oculi^ia, Carpenferia, Pohilreiiui miniacfnm, Gypdna inharcmy, 
and AmphUfetjina. 

Depth from Surface, 420-450 feet ; Distance Bored, 30 feet ; Total Length of Core 

Obtained, \ foot 6 inches; Numbers of Cores, 214-222. 

Between 420 and 430 feet of the horing no solid cores were brought up, nor has 
au^ of the brokeu-up and powdered rock been preserved ; below 430 feet, solid cores 
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limestone, containing numerous casts of Madrepora, PociUapora, and Seriatopora, 

with encrusting Pohjtrema planurn and Lithothamnion. There is much fine organic 

sediment with foraminifera, cemented by calcite. Echinid spines. Halimeda, casts 

of gastropods. 

Details. 

(223). From 450 to 453 feet. Length 31 millims. An irregular lump, worn by drill, of white, porous 
and cavernous, calcareoas rock, with ciists of PonUopora^ Carpenter ki^ AmpJihietjina, and Cheilostomatous 
polyzoa. 

(224, 225). Two j)ieces of cylindrical core with a total length of 87 millims. Rock porous and cavernous 
where corals have been dissolved out. Casts of Millepora (1), Srriaffqwra, and Madrepora, Infilled Cliona 
boring. 

(226). Length 75 millims. Cylindrical core of whitish, porous and cavernous rock with casts of 
Seriatfjpora and branching Madrepora. A microscopic section [656] shows that the corals are inclosed in 
fine sediment with fragments of PttJijtrciiui, Glddgmmi^ casts of gastropods and echinid spines, and cemented 
together by calcite. 

(227, 228). Two cylindrical cores with a total length of 145 millims. Kock hard, white, and cavernous, 
like preceding. Numerous casts of PoriUopora and Madrejtnra, encrusted by LitJtofhamnian. Casts of 
gastroiKxls. CJiomt l)orings. 

(229). Length 75 millims. Cylindrical core of hard whitish rock [533, 534], with cast of MoAlrepora and 
a considerable amount of encrusting Pohjtrema planum and LUJu/t/uunnmi. Tlje larger part of the rock 
consists of fine calcareous sediment with Orldfolitest, TextnlariUy Carpentemiy echinid spines, Halimeda, and 
numerous other fragments of indeterminable organisms, cemented by calcite into a hard rock. 

Sample of loose fragments of white rock, broken up by the drill. A microscopic section [846] of some 
of the rock chips, the largest of which was 1*7 millims. across, showed the following foraminifera, deter- 
mined by Mr. Ciiapmax ; Xonionina (?) Carpenteria, Poli/trema miniacenm, CalrarinUj and Amphidi'gina, 

From 453 to 457 feet. Sample of angular chips of whitish rock, broken up by the drill. Very littl 
distinguishable under a lens beyond an occasional specimen of Amphlstegina. 

Depth from Surface, 457~4G8 feet; Distance Bored, 11 feet; Total Length of Core 

Obtained, 7 inches ; Numbers of Coi^es, 230-233. 

From this 1 1 feet of the boring only four pieces of solid core were secured. These 
fragments are of a whitish and greyish-white, porous limestone, in which under a 
lens very Httle structure can be seen ; thin microscopic sections show that it is 
composed of very tine sediment containing minute detrital, mostly unrecognisable, 
fragments of foraminifera. There are some obscure indications of corals, but too 
indefinite for determination. 

Details. 

(230). From 457 to 468 feet. Diameter 40 millims. A lump of whitish fairly compact rock, rounded 
by drill. A microscopic section [657] shows that it is a consolidated calcareous mud with fragments of 
Carpenieria, Ainphi-^tef/ina, and HcteroMeijimi. Only a single entire specimen of Amphistegina present in the 
slide. 

(231). Length 35 millims. A rounded piece of white rock apparently similar to the preceding. 

(232). Diameter about 50 millims. A fragment of white porous rock, rounded by drill. The only 
objects distinguishable imder a lens are obscure casts of corals and gastropoda. 

(233). Length 45 millims., diameter 55 millims. Cylindrical core of the same white porous rock as the 
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preceding. It is a, very fine gnuned sediment of the same character as Core 230. Mr. Chapman 
recognises, in a microscopic section [058], fragments of Tc.rfularUi, Puhimdina^ ()rhikdilt% Caqniitcria^ 
and Fohjtiema inininccinn. 

DejJth from Surface, iGS-iSO feet ; Distance Bored, 12 feet; Total Length of Core 

Obtained, G inches; Numbers of Cores, 234-230. 

Only three pieces of solid core with a total length of 6 inches were obtained from 

this 12 feet of the boring. The rock is whitisli, moderately hard limestone, with 

numerous slit-like hollows, the empty casts of some organism, possibly Halimeda' 

joints, and with occasional small cavities where corals may have been dissolved out. 

One piece of the core is compact to minutely porous, and consists of very fine sediment 

with detrital fragments. The loose materials broken up l)y the drill, consist of angular 

and blunted chips of white rock with a few detached Ampliistegma, alcyonarian spicules 

(rare) and echinid plates. 

Details. 

(234). Length 50 millims. Core cylindrical, with some cavities probably due to corals, since Cliana 
l)orings are present in them. Ivock mainly fragmental in appearance, only Orhiiolitcs to be seen 
under lens. 

(235). Length 45 millims. Cylindrical core of the same character of rock as preceding. 

(23G). Length 44 millims. Core rounded by drill, of whitish rock. A microscopic section [659] shows 
that it is fine calcareous sediment with minute detrital fragments of organism.s. The only recognisable 
bodies are casts of small echinid spines and small pieces of Lifholhanininit. 

Depth from Surface, 480-487 feet; Distance Bored, 7 feet; Total Length of Core 

Obtained, 0. 

Only loose small chips, suhangiUar and partially rounded, of white and cream-tinted 
rock, were obtained from this 7 feet of the boring. The broken grains range from 
0*5 millim. to 4 millims. in diameter. No organisms are seen under a lens beyond a 
chance alcyonarian spicule. 

Depth from Surface, 487-497 feet ; Distance Bored, 10 feet; Total Length of Core 

Obtained, \ foot 1 inch; Number's of Cores, 287-241. 

The solid cylindrical cores are of a whitish or cream -tinted calcareous rock, fairly 
hard, cavernous in places, compact to porous. It contains ca^As of Madrepora in poor 
preservation. 1'here is a considerable amount of Lithothamnion. The gieater part of 
the cores consist of a very line consolidated calcareous sediment with foraminifera : 
echinid spines are also common and some //a/miccZa-joints. Gastropod casts. The 
materials are cemented by calcite. 

Detaii^. 

(237). Length 37 millims. Lump of whitish, hard, porous rock, rounded by drill; apparentlj' of fine 
sedimentary material. The only organisms recognisable under a lens are casts of Madreponu 
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(238). Length 20 millinis. A fragiuoiit of lavornous white lock, showing casts of Madrepwa and 
Ataphiskglna, 

(239). Length 80 millinis. Cylin<lric;il core of whitish, porous rock, some casts of corals, and a large 
amount of JAfhofhanmion. Sedimentary material with AinpJihiftjina and echinid spines. 

(240). Length 100 millims. by 55 niilims. in diameter. Cylindrical core of whitish-grey, cavernous 
and porous rock, with casts of perforate corals, / Mndrfpora. A microscopic section [660] shows that the 
rock is largely of a very fine calcareous sediment with casts of gastropods, echinid spines, foraminifera, 
pieces of Lithothamnitm, and HaJinuda, The following genera were determined by Mr. Chapman : MilioUnu, 
Orbit oliU'.iy CaqH^nteria^ Puhftnina minhinuni, P. jtlanuiiii and CJ/tpmuL 

(241). Length 80 millims. Cylindrical core, rock similar to preceding. Cast of Miuitrpora. A 
considerable amoiuit of LifimfJinninifm ; echinid spines. 

Depth from Surface, 497-505 fret; Distance Bored, 8 feet; Total Length of Core 

Obtained, 10 iiwhes; Numbers of Cores, 242-252. 

With the exception of one cylindrical piece, the solid cores are irregular fragments 
of limestone, partly rounded by drill. The rock is whitisli and whitish-gi^ey, hard 
and cavernous, where corals have been dissolved away. The corals are very imperfect 
casts o{ Madrejwi^a. Tlie greater part of the rock is a very tine calcareous sediment, 
filled with minute organic fragments, with foraminifera, echinid spines, Lithothamnion 
and casts of gastropods. A sample of loose, broken-up fragments of white rock 
brought up by the sand-pump, corresponds in character to the rock of the solid cores, 
the only organisms recognisable in it with a lens are Amphistegina, Hetei^ostegiiia, 
and fragments of Ponllojutra. 

Details. 

(242). Length 22 millims. An irregular fragment of hard whitish-grey rock, with poorly shown casts 
of perforate coral. 

(243). Length 48 millims. A piece of similar rock to preceding, cavernous where Mudrepora had been 
partially dissolved out and in part porous. A microscopic section [6G1] shows that the rock is mainly 
composed of fine calcareous sediment with miinite organic particles and specimens of Milidina, OrbitoUtes, 
Carpent4Tiaj and Polytrcina iinniwnuii. Spines and plates of echinids, also numerous small detached 
pieces of IMhotluinmion, 

(244). Core not in place. 

(245-251). Irregular pieces of white rock, with a total length of 120 millims. ; there are, in some 
pieces, casts of branching Madrepora, but the greater part of the rock is of consolidated calcareous 
sediment, similar to the preceding core, No. 243, the only organisms visible under a lens are echinid 
spines and fragments of Lillwtluviinu/ti. 

(252). Length 80 millims. Cylindrical core of greyish-white rock, with casts of branching Madrepora 
extending vertically through it, the hollow casta enclosed by consolidated detrital sediment, with echinid 
spines, LUlwthamnion, Scq. 

Depth front Surface, 505-517 feet; Distance Bored, 12 feet; Total Length of Core 

Obtaiited, 7 inches; Numbers of Cores, 253-258. 

Only a length of 7 inches of solid core was brought to the surface from the 12 feet 
of boring; the remainhig 11 feet 5 inches behig scantily represented by small rock chips 
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preceding. It is a very fine gniined sediment of the same character as Core 230. Mi*. Chapman 
recognises, in a microscopic section [G581, fragments of Textularui, Pulrinnlina, Orffitolitcsj Carpenkria^ 
and Pohjtrcma minm/'etan. 

Depth from Surface, 4G8-480 ^ee^ ; Distai^ce Bored, 12 feet; Total Length of Core 

Obtained, G inehes ; Numhers of Cores, 234-230. 

Only three pieces of solid core with a total length of G inches were obtained from 

this 12 feet of the boring. The rock is wliitish, moderately hard limestone, with 

nmnerous slit-like liollows. tlie empty casts of some organism, possibly Ilalimeda- 

ioints, and with occasional small cavities where corals may have been dissolved out. 

One piece of tliecore is compact to minutely porous, and consists of very fine sediment 

with detrital fragments. The loose materials broken up by the drill, consist of angular 

and blunted chips of white rock with a few detached Amphistegina, alcyonarian spicules 

(rare) and echinid plates. 

Details. 

(234). Length 50 millims. Core cylindrical, with some cavities probably due to corals, since Clitmc 
borings are present in them. Kock mainly fragmental in appearance, oidy Orhitolifci> to be seen 
under lens. 

(2'J5). Length 45 millims. Cylindrical core of the same character of rock as preceding. 

(236). Length 44 millims. Core rounded by drill, of whitish rock. A microscopic section [659] shows 
that it is line calcareous sediment with minute detntid fragments of organisms. The oidy recognisable 
bodies are casts of small echinid spines and small pieces of Lifhofliainnion. 

Depth from Surface, 480-487 feet; Distance Bored, 7 feet; Total Length of Core 

Obtained, 0. 

Only loose small chips, suhangular and partially rounded, of white and cream-tinted 
rock, were obtained from this 7 feet of the boring. The broken {jfi'ains range from 
0*5 millim. to 4 millims. in diameter. No organisms are seen under a lens beyond a 
chance alcyonarian spicide. 

Depth from Surface, 487-497 feet ; Distance Bored, 10 feet; Total Length of Core 

Obtained, \ foot 1 inch; Numbers of Cores, 237-241. 

The solid cylindriciil cores are of a whitish or cream -tinted calcareous rock, fairly 
hard, cavernous in places, compact to porous. It contains cants of Madrepora in poor 
preservation. There is a considerable amount of Lithothavmion, I'he gieater part of 
the cores consist of a very fine consolidated calcareous sediment with foraminifera ; 
echinid spines are also common and some //aZmiccZa-joints. Gastropod casts. The 
materials are cemented by calcite. 

Detaii^. 

(237). Length 37 millims. Lump of whitish, hard, porous rock, rounded by drill ; apjiarently of line 
8e<limentary material. The only organisms recognisaljle under a lens are casts of Miuirqma, 
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(238). Length 20 millims. A fragment of ravtMiious white lock, showing Ciists of Madirpmv. and 
Amphist(fgiiui, 

(239). Length 80 millims. Cylindrical core of whitish, porous rock, some casts of corals, and a large 
amount of Lifhof ha/union. Sedimentary mateiial with .Inipliistfyina and echinid spines. 

(240). Length 100 millims. by 55 milims. in diameter. Cylindrical core of whitish-grey, c^ivernous 
and porous rock, with casts of peifoiate corals, / Mmlreporu. A micioscopic section [660] shows that the 
rock is largely of a very line calcareous sediment with casts of gastropods, echinid spines, foraminifcra, 
pieces of Lithoihamniim^ and Hal'muda, The following genera were determined by Mr. Chapman : MilwUnay 
OrbitoHtes, Caiyenteriu^ Pohifrcma minkirvuiny 1*. plaiuuny and (rjtpmui, 

(241). Length 80 millims. Cylindrical coie, rock similar to preceding. Cast of Mailrcpina. A 
considerable amount of LifJuffJinnuiion ; echinid spines. 

Depth from Surface, 497-505 feet; Distance Bored, % feet; Total Length of Core 

Obtained, 10 inches; Numbers of Cores, 242-252. 

With the exception of one cylindrical })iece, the soHd coies are irregular fragments 
of limestone, partly rounded by drill. The rock is whitisli and whitish-gi^ey, hard 
and cavernous, where corals have been dissolved away. The corals are very imperfect 
casts of Madrepora. 'J'he greater part of the rock is a very fine calcareous sediment, 
filled with minute organic fragments, with foraminifera, echinid spines, Lithothamnion 
and casts of gastropods. A sample of loose, broken-up fragments of white rock 
brought up by the sand-pump, corresponds in character to the rock of the solid cores, 
the only organisms recognisalile in it with a lens are Amphistegina, Heterostegiyia, 
and fragments of PociUojx^ra, 

Details. 

(242). Length 22 millims. An irregular fragment of hard whitish-grey rock, with poorly shown casts 
of perforate coral. 

(243). Length 48 millims. A piece of similar rock to preceding, cavernous where Miuhrpora had been 
partially dissolved out and in part porous. A microscopic section [6G1] shows that the rock is mainly 
composed of line calcareous sediment with minute organic pirticles and specimens of Milwlina, Orbitolites, 
Carpentma, and Poli/frrjuu ininiarmnt. Spines and plates of echinids, also niunerous small detached 
pieces of LUhotJm/union, 

(244). Core not in place. 

(245-251). Irregular pieces of white rock, with a total length of 120 millims. ; there are, in some 
pieces, casts of branching Madrepora, but the greater part of the rock is of consolidated calcareous 
sediment, similar to the preceding core, No. 243, the only organisms visible under a lens are echinid 
spines and fragments of LWiol/iamfimi, 

(252). Length 80 milJims. Cylindrical core of greyish-white rock, with casts of branching Afadrepora 
extending vertically through it, the hollow casts enclosed by consolidated detrital sediment, with echinid 
spines, LUhothamnion, Sec. 

Depth from Surface, 503-517 feet; Distance Bored, 12 feet; Toted Length of Core 

Obtained, 7 inches; Numbers of Cores, 253-258. 

Only a length of 7 inches of solid core was brought to the surface from the 12 feet 
of boring ; the remaining 1 1 feet 5 inches being scantily represented by small rock chips 
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and dust pounded up by the drill. The cores are partly cylindrical, partly irregular 
pieces of a greyish-white, moderately hard, cavernous and porous limestone, in 
which very little can be distinguished with a lens. Casts of Madrepora are only 
occasionally present. The rock, as seen in microscopic sections, principally consists 
of foraminifera, entire and fragmentary, in a fine detrital material with polyzoa ; casts 
of lamellibranchs, alcyonarian spicules, echinid spines, and Serpula tubes. The 
organisms and mud are cemented by calcite, the pores in the rock are lined by 
scalenohedral crystals. The powdered materials are angular, and blunted chips of 
the same greyish-white rock as the solid cores, the only forms recognised amongst 
them with a lens are some Amphistegina with roughened surfaces, and small 
fragmentary casts of Pocilliypora, 

Details. 

(253, 254). Two irregular fragments of hard, greyish-white limestone, 38 millims. long, with alcyonarian 
spicules, Amphisi^gina, and LUhot/unnnum. 

(255). Length 67 millims. Cylindrical core, with hollows where corals have been removed. A micro- 
scopic section [662] shows that it is principally of consolidated fragmental materials and partly a fine 
sediment. In it there are numerous broken pieces of Polj/trenia planum, together with OrhitoWeSy Mili4)Hnaf 
Carpenteiiay Polytrema nnniaa'vm, Gi/psina rf.Kirulans, var. flunu% Awphiiiffffina, and Heteroslegvnu, A single 
delicate branch of M(ulre])ora, cast only. Polyzoa. 

(256, 257). Length 31 millims. Two irregular fragments of core similar to preceding. 

(258). Length 42 millims., diameter 55 millims. Cylindrical core of whitish-grey limestone, cavities 
partly occupied by casts of Mcuhepora, A microscopic section [663] shows that it is foraminiferal and 
fragmental. It contains the same foraminifera as core 255, with the .addition of Tcxiularia. Structure of 
foraminifera fairly well preserved. Alcyonarian spicules, echinid spines, Serpula, and Liifiothamnion. 

Depth from Surface, 517-526 feet ; Distance Bored, 9 feet; Total Length of Core 

Obtained, \ foot 4 inches ; Numbers of Cores, 259-267. 

The solid cores are in part cylindrical, in part irregular fragments of whitish and 
greyish-white limestone, frequently cavernous. The cavities are produced by the 
dissolution of corals ; they are in part occupied by the casts in sediment of the inter- 
stices of the corals, and by the solid infillings of the borings of Cliona and other 
organisms which remain as an intricate mesh-work of nodose calcareous threads after 
the structure of the coral has been dissolved away. The corals in these cores are 
more numerous than in those immediately preceding, tliey consist of Pocillopora and 
Madre2)ora, with a small quantity of Montipora. There is, further, a considerable 
amount of encrusting Lithothamnion. The intermediate material is mainly firag- 
mental, with foraminifera. Alcyonarian spicules, echinid spines, lamellibranch shells, 
and casts of gastropods. 

Details. 

(259, 260). Total length 60 millims. Two irregular pieces of whitish cavernous rock, with casts of 
Pocillopora, Madrepora, and Montipora, Orbiiolites, Amphistegina} small nodular lumps and branches of 
Lith4)thamni(m. 
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(261). Length 58 millims. Core cylindrical, very cavernous and porous, casta of Pocillo/yyra and 
Madrepora contecfa. Infilled Clvmu borings, very numerous in the coral cavities. Carjtenterin, Litho- 
thamnion, 

(262). Length 35 millims. Core cylindrical, whitish rock similar to preceding, with casts of PoeUhpcra 
and Mcidrepin'a, 

(263). Length 20 millims. A roimdcd piece of greyish-white, porous limestone. Some casts of 
undeterminable corals; the larger part of the rock is seen under the microscope [664] to consist of 
organic fragments, mth CarpfntrrUi, Poltjfrfina tninmreuiH, P. jflanum, O'l/psina Vfsiculans, var. dincuSy 
AmpMMe(fina, HeUrosi^'gina^ alcyonarian spicules, echinid spines, and lamelli branchiate shells. Litho- 
Amnion and Halimeda are rare. 

(264). Length 50 millirus. Cylindrical core of white, very porous limestone; casts of corals, 
Amphisteyxnay and Lithof/ia/nnion. 

(265). Length 45 millims. Irregular piece of white rock ; cast of Madrepora. Rock mainly fragmental, 
with Amplmtegina, 

(266). Length 66 millims. Cylindrical core, hard, compact where Lifhothanmu/n occurs. Casts of 
PodUapora and Madrepora. Infilled Clvma borings. 

(267) [535]. Length 60 millims. Cylindrical core of greyish-white, hard, compact limestone, with some 
cavities where Pmlhpora, SfrUthprna, and gastropod shells have been removed. P]ncrusting Lithothamnion 
very abundant. Consolidated fragmented materials, with TrunratulinUy Carpenferia, PoUjtrema rniniaceum^ 
P. planum, Gyjmnu vesirulark^ var. di'iru.^, Calcarimi, and AiiipJnsfft/inu. Alcyonarian spicules. Climm 
1)oring8. Cemented hy calcite. 

Sample of loose fragments, broken up by drill. Coarse and fine angular and blunted chips of white rock 
with fragments of coral casts, including Porillopora. Amphisfeghia. Alcyonarian spicules, polyzoa, rare. 

Depth from Surface^ 526-546 feet ; Distance Boiled, 20 feet ; Total Length of Core 

Obtained, 4: feet; Numbers of Cores, 268-289. 

The solid cores, for the most part cylindrical, are of white and greyish-v^hite, hard 

limestone, generally cavernous, due to the removal of corals ; in places porous, and 

not infrequently compact where Litkotharnnion occurs. The corals belong to 

Pocillopora, which is very abundant, occasional Astrsean corals, very imperfectly 

shown, Prionastrcea (?), Cceloria. A fungid coral, Halomitra (?) and Madrepora, 

which is not so frequent in these cores as in the preceding. Alcyonarian spicules. 

Lithothamnion is abundant and forms an important constituent of the rock. There 

is a considerable amount of fragmental materials with foraminifera. Polytrema 

planum occurs as encrusting layers alternating with Lithothamnion. The coral 

structures and the gastropod shells in some of these cores are now replaced by 

crystalline calcite. 

Details. 

(268). Length 23 millims. An irregular fragment of white limestone with casts of Madrepora, 
(269). Length 75 millims., diameter 55 millims. Core cylindiical, of white, hard, mostly compact rock 
[665] with some casts of Pocillopora and Madrepora. A piece of a compound Astraan, showing casts of 
three or four calices. The greater part of the core consists of consolidated fine calcareous sediment with 
organic fragments and foraminifera, including Carpenierui, Polytrema miniacfum, P. planum, Gijpsina 
vesicularis, var. discus, common, and Amphktegimi. Alcyonarian spicules, and echinid spines. Lithothamnion 
in white, nodular fragments and also encrusting. 

2 G 
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(270). Length 30 millims. A lump of hard, greyish-white, compact rock, rounded by drill, with 
fragments of Cahria and of another Astraean coral and Lithothamnion, 

(271). Length 80 millims. Core cylindrical, of hard, mostly compact limestone, like preceding, with 
casts of Pocillopora and M(u/repora. Greater part of core of encrusting LifJiofhumnion and consolidated 
fragmental materials, cemented by calcite. AmphuU'gina. 

(272). Length 75 millims. Cylindrical core, like the preceding. Casts of Madrepora^ the branches in a 
vertical position, and Pocillopora. In some of the corals the wall structure is now replaced by crystalline 
calcite, whilst the parasitic borings are infilled by consolidated mud. Larger part of core of detrital 
material with Amphiskgina and Lithoffiainnion, also Seipula, Turbinate gastropod, 30 millims. in height and 
36 millims. in basal width, the walls replaced by crystalline calcite, the exterior encrusted by LithofJuimnumy 
and the interior filled with hardened sediment. 

(273). Length 60 millims. Cylindrical core of hard, whitish rock, porous in places, Pocillopora casts, 
Halomitra (?), the wall structure replaced by calcite. The greater part of the core of hardened detrital 
materials with Amphistegina arid Lithothamnion, 

(274). Length 43 millims. Cylindrical ; rock similar to preceding. Podllo/fora in part as hollow casts, 
in part with the walls replaced by calcite, piece of Astrasan coral, Prianastrfeu (1) Core mainly of hardened 
detrital materials [666], principally broken fragments of foraminifera and Lithothamnion^ in fine sediment 
cemented by calcite. Carpcntcrio, P6h/trema planum, (rftpsina, Ainphisteiiinu. 

(275). Length 100 millims., diameter 55 millims.^ Cylindrical, cavernous where branching Pocillopora 
and Madrcpora have been dissolved. The larger part of the core of detrital materials, like the preceding. 

(276). Length 78 millims. Cylindrical ; whitish hard rock, cavernous where Pocillopora and gastropods 
have been removed. 

(277-280). Four pieces of cylindrical cores, total length 181 millims., of whitish, hard, in part 
cavernous limestone, with casts of Pocillopora. The cores consist largely of detrital materials with 
foraminifera and Litlwthmnnion, 

(281-283). Three irregular cores with a total length of 142 millims., of hard, white limestone, cavernouB, 
with casts of Pocillopora, Madrepora, and turbinate gastropods. Detrital materials as in preceding. 

(284). Length 75 millims. Cylindrical ; hard, greyish-white limestone, cavernous, casts of Ccehria, A 
microscopic section [667] shows that the rock mainly consists of thick encrusting layers of Lithotliamnion, 
alternating with Pohjtrenui planum. Fragmental materials in fine sediment with alcyonarian spicules, 
Carpenteria, Pohjtrema miniaceum, Gifpsina, and Amphistegina. 

(285-289). Five pieces of cylindrical and irregular cores, with a total length of 227 millims. Whitish, 
hard limestone, similar to preceding ; cavernous, where corals have been removed, compact and dense where 
Lithot/iamnion occurs. Pocillopora, common; Co^loria and another Astraean coral, rare. Lithothamnion, 
abundant. The details of the fragmental part of the rock are only distinguishable in microscopic sections. 

Samples of loose materials brought up by sand-pump; they consist of angular and blunted small 
fragments of white hard rock. Only a few specimens of Amphidt^gina with rough surfaces, and chance 
fragments of coral, are recognisable under a lens. 



Depth from Surface, 546-555 feet; Distance Bored, 9 feet; Total Length of Core 

Ohtaiaed, iO inches; Numbers of Cores, 290-296. 

The cores, mostly cylindrical, are of whitish and whitish-grey hard limestone with 
cavernous hollows in places. Other portions are of compact, dense rock whioh consists 
largely of Lithothamnion, The corals, for the most part, have disappeared, only an 
Astraean and casts of some perforate coral have been recognised. Fragmental 
materials and fine sediment with foraminifera form a large part of the cores. The 
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organisms are cemented by calcite into hard rock. Of the foraminifera, Carpenteria 
is abundant, and Polytrema planum. Alcyonarian spicules, echinid spines. Very 
little can be seen of the character of the rock except in the microscopic sections. 

Details. 

(290, 291). Two fragments of hard white limestone, with a total length of 40 millims. Only layers of 
LUh/ithatnnion can be seen with lens. 

(292). Length 45 millims. Cylindi-ical core, of whitish limestone, with cavities from which corals may 
have been removed. Rock principally of encrusting layers of Lithot/iamnion, with consolidated fragmental 
materials. 

(293). Length 75 millims. Core cylindrical, of whitish-grey hard limestone, cavernous, like the 
preceding. Astroa (1) and perforate coral. Larger part of core of undulating layers of Litlwthwnnhn and 
fragmental material. 

(294). Length 50 millims. Core cylin<lrical, of whitish hard rock, with cavities and small hollows. 
Microscopic sections [53G, 66^] show that the rock mainly consists of l)rancliing Lithothamnion, encrusted 
in places by Pohftrema planum. Fragmental materials, mostly of foraminiferal (Uhris^ fill up the inter- 
spaces ; consolidated with these in the fine sediment are the following foraminifera : — Ci/mhaloporay 
Orhihiifcs, Carpentaria^ Planorhulmt, PtthjIrNiui niiniareuni, Gypsina (Jl^nts, and Calcarina. Alcyonarian 
spicules, echinid spines. 

(295). Length 25 millims. Core cylindriciil ; rock similar to preceding, cast of large gastropod. 

(296). Length 130 millims. Core cylindrical ; hard greyish-white rock, with large vertical hollow 
cavities. A microscopic section [669] shows the rock to be filled with Carpenterm and Pohftrema miniaecum, 
together with layers of Lithptfiamnym. Orhitoliie.% Planorhulina^ Gifpsina dhcm, and A mpJmt^gina. are also 
present in the fine calcareous sediment, which is cemented by calcite. Some of the hollows are lined with 
scalenohedral crystals. 

Depth from Surface, 555-567 feet ; Distance Bared, 12 feet; Total Length of Core 

Obtained, 0. 

No solid cores were obtained from the 12 feet of the boring ; the only materials 
brought to the surface being the pounded angular and rounded fragments of rock 
raised by the sand-pump. These are of hard, whitish rock, with many small pieces 
of crystalline calcite, probably due to the infilling of the casts of corals, &c. Very 
little can be seen in the incoherent materials under a lens, but thin sections [847] 
show the following foraminifera embedded in a fine consolidated sediment, also with 
obscure indications of casts of corals : — Carpenteria, Polytrema miniaceum, P. planum, 
Gypsina inhcerens, Amphistegina, and Heterostegina depressa. The largest chip in 
the slide is 2 millims. by 1*3 millims. 

Depth from Surface, 567-578 feet; Distance Bored, 11 feet; Total Length of Coi^e 

Ohtalned, 2 inches ; N'uinhers of Cores, 296a, 2966. 

With the exception of two small irregular pieces of solid core, the materials from 
this 11 feet of the boring consist only of loose fractured particles of cream-tinted 
rock of the same general character as the preceding. The particles are, however, 
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larger, ranging to 6 millims. in diameter, and there are amongst them casts of 
Pocillopora and perforate corals, somewhat large foraminifera, and casts of small 
gastropods. The pieces of solid cores contain casts of a small Astrcea, Madrepora, 
and numerous foraminifera in a fine consolidated and now somewhat altered sediment. 
Amongst the foraminifera, Cycloclypeus was recognised for the first time in the boring. 
The rock is cemented by calcite. 

Details. 

(296a) [670]. Length 22 millims. An irregular piece of greyish-white, cavernous and porous rock, 
with casts of a small AMnm and Mwhrpom. Foraminifera immerous, belonging to Textulmia, Truncaiulina, 
GlobigerirM, Plamn-huJina, Pohjfrema miniareum, P. planum, Amphistegina, large and numerous, Heterostegina 
and Cydochfpem. Halimedn joints, indistinct echinid spines. 

(2966) [671]. Length 30 millims. A fragment of cream-tinted rock, porous, with indistinct casts of 
corals and numerous foraminifera. Carpenkria, Polytrema, Amphktegina, Heterostegina and Cydodijpeus. 
Echinid spines. 

Coarse fragments of broken-up greyish-white rock, with casts of Pocillopora, Astrrra, perforate 
corals, and OrhitoUtea, Amphistegina and Ilefcroategina. 



Depth from Surface, 578 598 feet; Distance Bored, 20 feet; Total Length of Core 

Obtained , 10 inches; Numbers of Cores, 297-304. 

The solid cores consist of several irregular fragments and three cylindrical cores of 
a gi*eyish-\vhite, moderately hard and very porous limestone, in which there are 
a few obscure casts of corals, apparently of Madrepora, and a compound fungid coral. 
The greater portion of the cores seems to consist of foraminifera, with alcyonarian 
spicules and casts of small gastropods. The incoherent materials, brought to the 
surface by the sand-pump, are fine and moderately coarse chips of a rock similar to 
that of the solid cores ; the only organisms seen with a lens are foraminifera, broken 
echinid spines, and very rarely a small piece of a cast of coral. Professor David 
considers that these represent cuttings through fine coral rubble. 

Details. 

(297-301). Five irregular pieces of white porous rock, length altogether 126 niillims. Cast of fungid 
coral. The rock appears to be mainly of sedimentary material with Cyrloclypem, Amphist^gina and 
Heterostegina. 

(302). Length 36 millims. Core, cylindrical, of whitish-grey limestone, with numerous pores and small 
hollows. Only organisms to be seen with a lens are Amphistegina and ciists of small gastropods. 

(303). Length 23 millims. Cylindrical cores, similar to preceding. Cast of Astraean coral. Alcyonarian 
spicules. Amphistegina. 

(304). Length 74 millims. Core, cylindrical; of whitish-grey, porous rock, similar to the two preceding 
specimens. Cast of Ma^hrpora, appirently in position of growth, also of another coral supposed by 
Professor David to be Heliopora rceiidm, but I cannot recognise it with certiinty. 

^licroscopic sections [537, 538] show that the limestone is mainly of fine fragmental materials with 
numerous foraminifera belonging to Miliolina, Disrorhina, Gloln^erinu, Minna, Caipenteria, Polytrema pUmwn, 
i'alcarinn, Amphistegina, very abundant, Hetnostegina and Cyvhiiypeua. Alcyonarian spicules. Polyzoa. 
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The rock contains occasional casts of Madrepora and Stylophora, but the larger 
proportion is of consolidated organic calcareous sediment with entire and fragmentary 
foraminifera, echinid spines, casts of gastropods and ot Halimcda, cemented by 
calcite. The loose materials brought up by the pump, consist of small angular chips 
of limestone, similar to that in the solid cores. 

Details. 

(307, 308). ToUil length 100 niillinia. One piece of cylindriciil core and one irregular fragment. The 
rock, hard, greyish-white, very ciivernous as well as porous. In one of the larger hollows, casts of 
Madrepora and the infilled horiiigs of Cliona. A microscopic section [675] shows that it consists mainly 
of fine detrital se<]iment with numerous entire and fragmentary forms of MiJiolimi, Globigerina^ rare, 
Car/tenffrui, Pulrinulina, J'oltffrfina mini/irftmi, 1*. planum, AinphhU'ijimt, and Ilcfcnj^U'dina, Echinid spines. 

(309). Length 50 niillims. A piece of the usual porous white limestone, rounded l)y drill. In thin 
sections [539, 540] it is seen to consist of fine-grained sediment cemente<l by calcite, with Spiroloculina, 
Gltjbigcrhw, (*ar/)eritf'ria, Trvjirafullna^ PoJiitrcina, Oi/pstna, and Amphish'dina (?) Echinid spines. 

(310). Length 18 niillims. An irregular fragment of rock similar to preceding. 

(311). Length 63 millims. Core cylindriwil, of the usual whitish-grey limestone with numerous hollows. 
The only ol)jects visible under a lens are echinid spines and casts of gastropods. 

(312). Length 45 millims. by 56 millims. in diameter. Core cylindrical, of hard whitish limestone, hke 
the preceding. Cast of Sfi/Jophnra, Plchinid spines, and gastropod casts. The larger part of the core 
apparently consists of fine sedimentaiy materials cemented by calcite. 

• 

Depth from Surface, G87 -64;} /Jr/5; DUiance Bored, fi feet', Total Leuyth of Core 

Ohrained, 2 feet 1 inch; N timbers of Cores, 313-320. 

The solid cores from this portion of* the boring are, for the most part, cylindrical, 
with some irregular fragments rounded by the drill. The first piece of the core (No. 
318) from approximately the level of 637 feet is a whitish, moderately hard, cavernous 
and porous limestone, of similar characters to the solid cores in the preceding 60 feet 
of the boring. The remaining cores, Nos. 314-320, from between 638-643 feet, 
differ from those immediately al)ove in being harder, less cavernous, and generally 
more compact. The rock is greyish-white, not infrequently speckled ; the whitish 
spots representing the foraminifera and other organisms, and the greyish portions the 
crystalline infilling. This is markedly different from that in the core above, where 
the partially free crystals lining the pores are scalenohedral, whereas in these lower 
cores they are for the most part rhombohedral, and are now dolomitic. Accompanying 
this change, the organisms in the rock are better shown, and can be readily 
distinguished with a lens. Coral casts are only occasionally present, they form but a 
small proportion of the cores, and they are in very poor preservation. Pocilloporay 
Ilydiiophora (?), and Madrepora are the only genera recognised. As usual, their 
structures have been dissolved, and they have been subsequently replaced by 
crystalline dolomite, while the interstices and the parasitic borings of Cliona^ &c., 
have been infilled with fine organic sediment. The larger part of these cores consist 
of foraminifera of the same kinds as in the cores above ; the encrusting PolytremOf 
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Depth from Surface, 643-652 feet ; Dista^ice Bored, 9 feet : Total Length of Core 

Obtained, Sfeet 5 inches ; Numbers of Cores, 321-335. 

The cores from this 9 feet of the boring are mostly cylindrical, of a hard, whitish- 
grey, sometimes with a mottled appearance, porous, and occasionally cavernous 
dolomitic limestone. The rock is very crystalline, the pores are lined with rhombo- 
hedral crystals, and the foraminifera and other objects are encrusted with the same 
sparkling crystals. These cores exhibit the same general characters as the preceding 
from No. 314 (638 feet) downwards, but they contain more corals, and a less 
proportion of foraminifera and fragmental materials. The corals are in very poor 
preservation, only represented by imperfect casts, not infrequently showing only the 
infilled borings of Cliona and other organisms ; as a rule, the casts are now infilled 
with crystalline dolomite, whilst the original interstices and the Cliona borings are 
filled with fine organic detritus. The corals include Podllopora, Stylophora, small 
Astrseans, Madrepora, Pomtcs, and Astrceopora ; also a single example of Millepora. 
They are usually surrounded by a thick white layer of Polytrema planum, with some 
Lithothamnion, The spaces between the corals are filled with the usual kinds of 
foraminifera, echinid spines, and Halimeda. The foramini feral structure is altered, 
and partially obliterated in this rock. 

Details. 

(321, 322). Total length 160 millims. Two cylindrical cores of mottled, greyish-white, dolomitic rock, 
hard, porous, with some cavities. Several casts of corals, now replaced so that identification is impossible ; 
there are traces of FocUlopora and of perforate corals. But little shown of the fragmental part of the core 
beyond Hefei'oskgina and echinid spines. 

(323). Length 43 millims. An irregular piece of white rock, with casts of the surface of a branching 
Pocilhpora and a Madrepwa, 

(324). Length 88 millims. Core cylindrical, of hard, greyish-white, porous dolomite. Several casts of 
perforate corals {Poritts ?), mostly filled up by crystalline materials. Polytrema planum, forming small 
nodules. Heterosk^na ; echinid spines. 

(325). Length 74 millims. Core cylindrical. Several corals present as casts. Millepora, Stylophora, 
Madrepoi'a and others not determinable. The corals surrounded by layers of Lithothamnion and Polytrema 
pkmum. Foraminiferal structure obscured and partly obliterated [547, 548]. Tz-viicutulina, CaipeiUeria, 
Polytrema miniacewn, Gypdna, Araphistegina, Heterost^gina, Echinid spines abundant. Section of 
crustacean carapace. HaUmeda-joints, 

(326). Length 63 millims. Cylindrical core, whitish-grey, porous, and with some cavities. Casts 
of Mculrepora and ParUes encrusted by layers of Lithothamnion and Polytrema. Cliona horingB, Large 
spines of echinids. Foraminifera not recognisable with a lens. 

(327). Length 77 millims. Cylindrical. Larger part of cores of casts of Madrepora and Parties, 
overgrown by LitJwthainnion and Polytrema, 

(328). Length 98 millims. Cylindrical. Greyish-white, mottled, hard, porous dolomitic rock, with 
^ few cavities. Many solidly infilled casts of Madrepora, Porites, and other corals not determinable. 
£ncrusted similarly to the preceding. Coral interstices filled with fine detrital mud. The areas between 
the corals likewise filled in with fine fragmental materials [678, 679], containing Miliolina, Pidvinulinay 
Carjienferia, Polytrema miniaceum, P. planum, Amphistegina, and Heterosteyina. Echinid spines numerous, 
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the structure nearly obliterated. Ilalimfda, The pores in the rock are lined mfvinly ^ith rhomljohe<lral 
crystals of dolomite, hut some calcite sculenohedra are present as well. 

(329, 331). Total length 202 millims., diameter 56 millims. Three cylindrical pieces of core of whitish- 
grey, mottled, dolomitic limestone, porous, and with occasional ca\dties. Largely of casts of Madrepma^ 
PoriUiif and, perhaps, some other corals as well. Corals in part hollow, hut with infilled (Ihma horings, or 
solidly replaced with crystalline materials, and with the usual encrusting layers of PoJiifrewa plamnn and 
LHhot/Mninum, alternating wich each other. The foraminifera include [i340, HSO] (ilfUngmna^ AmphhU'tjlmi, 
and HHerosicfjinn ; their minute stnuture is much altered, an<l scarcely recognisahle. Echinid spines 
abundant. IMimfda^ imperfectly preserved. 

(332) [551]. Length 42 millims. A fnigment, roiuided by drill, of white, hard, porous, dolomitic limestone 
with casts of a simple Astra»an, and of a perforate coral, which are encrusted, as usual, by Puhjtrema 
and Lithothamnion, The foraminifera recognisabh^ are GhUnfifninHy AmphUtf(iimt^ and IfHemsfn/ina, 
Echinid spines. 

(333). Length 37 millims. Cylindrical. Rock similar to preceding, with several small casts of 
Stfffopora, Madrejhtra (1) and Aatrivnpin'ft^ encnisted by Pohftirnm plan urn. Altered fragmental material 
[552], with (hjpMjin, Ainphhtftfnm and Ifrferosff^ffina, Alcyonarian spicule, echinid spines, IhdiuH'dn rare. 

(334). Length 48 millims. Cylindrical. Greyish-white, hard, very porous, dolomitic rock, with 
several casts of PoriUopora^ Sniatopora^ an Astra^an, and PoriUsy all luifavourably preserved. Encrusted by 
PiUijtrenM, and occasionally by thin layers of Lithothamnion, The foraminifera include [553] Spirolonilina, 
Miliofina, GlMfjenna^ (ri/psina^ Awphi^lcffinn^ and Ifffn-ftsUtjina, Echini<l spines, IfaVimfda abundant. 
Pores lined by rhoml)ohedral crystals, and the rock generally very crystalline. The structure of the 
various organisms, as a rule, much altered. 

(335). Length 88 millims. Cylindrical. Rock similar to preceding. Al)out two-thirds of the core 
consists of casts of corals, PfK-illoptna and Madjrpom, encrusted liy the usual organisms [i)54, 555]. 
}filiofina, Awphisffffinfi, IMntsfft^ina. Ifnlimrdn. Casts of gastropods. 



Depth from Surface, (Jo2-(!G0 /t'c/ ; DtManco Bored, 8 feet ; Total Length <\f Core 

Obtained, \ foot 1) Inches; Numbers of Cores, 336-343. 

The cores are cylindrical, they consist of a whitish to \vhitish-gi*ey, moderately 
hard- to soft, very porous, dolomitic limestone. The first core, No. 336, is very 
similar to those immediately preceding it ; the remainder of this series contain a 
variable amount of the usual coral casts, which, like those in the cores above, are also 
enclosed l)y thick layers of Polytrema jtlanum and fAthothamnion ; but the larger 
part of the cores is compased of foraminifera and Ilalinwda-^oints, packed together 
closely ; the interspaces between are, however, only partially occupied by crystalline 
materials, so that the rock is very porous and light, and, in some crises, sufficiently 
soft to be scratched by the finger nail. The corals, so far as can be judged from the 
poorly preserved casts, comprise Orhicella, Fangia, Madre2)ora, Porite^u Turhluaria, 
and Ct/phfMstvfBa. The foraminifera belong to the usual forms ; we notice the reajjpear- 
ance of Orhitolites and of Cycloclypeus, which is very almndant in the Core No. 343, 
about 660 feet. The rhom])ohedral crystals of dolomite are present in this rock, 
the same as in the preceding. lialuneda is generally distributed. Echinid spines. 
Casts of gastropods and lamellibranclis. 

2 H 
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Details. 

(336). Length 46 millims. Cylindrical. Whitish, moderately hard, porous dolomite rock. Casts of 
M(uhrj)ora, and TnrUnaria^ overgrown by Polytrenm planum. The rest of core foraminifenil [556] with 
MilioUfM, Orhihlite.<i, rare, Amphistegina^ and Hekrostegina, Echinid spines, casts of gastropods, and 
Halimeda. The corals are as usual destroyed, but .a clue to their characters may be obtained occasionally 
from the casts of their interspaces which have been filled by finQ consolidated sediment. The white bands 
of encnisting Pohjirema form a prominent feature in this rock. 

(337). Length 105 millims. Cylindrical core, scratched readily by knife, of cavernous and very porous 
rock ; largely of coral casts thickly encrusted with layers of Polj/trema planum. The corals are Cyphadrcfa 
resembling C. Sarignj/i, E. and H., and Pontes, The areas between the corals are filled almost wholly 
with foraminifera, which are only partially cemented by crystalline dolomite, so that there are numerous 
pores. They include [557] Orbitolites, Tnvne/ihilina (?), Polytrema miniacenrny Gypdna, Ainphisiegina, and 
Heferoiiiegimi. The structure of the foraminifera only partially preserved. 

(338). Length 86 millims. Cylindrical core. Greyish-white, light, very porous rock, similar to the 
preceding, but with a lesser proportion of corals. Funffia (one specimen), Madre^pai'a^ Ponfea, and TnrUnaria 
are present. Some of the corals are now preserved Jis a labyrinthic mesh-work lined by rhombohedral 
crystals : they are as usual overgrown by Pohjirema planum. The foraminifera [558, 559] include the 
same forms as in the preceding core No. 337. Test plates of echinids, Haliineda, and LiiJwthamnion, 

(339). Length 66 millims. Cylindrical, of dolomite [680], very similar to the preceding. Several 
coral casts, one a specimen of Orhirella^ encrusted by layers of Pohjirema planum^ 12 millims. in thickness. 
Cnrpenierin^ Gypdna^ jimphi^ieginay Hri/'rosiegina, 

(340). Length 53 millims. Cylindrical, of the same whitish-grey porous rock as the preceding, with 
nodular masses of PociUopoi'a and Porites (?) encrusted by Polytrema planum. Larger part of core [560] 
consists of a packed mass of foraminifera including Orbiiolite.% Burarbina, Gypsina^ Amphistegina^ and 
Heterostegina, very abundant. Cast of lamellibranch. Echinid spines, Cheilostomatous polyzoa and 
Halimeda. 

(341). Length 82 millims. Cylindrical. Rock dolomitic, soft, can l>e scratched by finger nail, very 
porous, like the preceding. Mainly foraminifcral [561, 562, 563] OrbitolUes, Textularia, Carpenieria^ 
Polytrema planum y Gypstna, Amphisteginaf Heterost^gina, and CycJoclype^ia, Halimeda-jomts, 

(342) Length 38 millims. Cylindrical ; whitish rock, porous, soft, can be scratched in places by finger 
nail. Cast of Maihepora, Greater part of core foraminiferal [564a] with Globigerina, Amphistegina^ 
Hei^rosiegina^ and Cydoclypeus^ numerous. Halimeda-\o\nis common. Large echinid spines. 

(343). Length 47 millims. Cylindrical core, soft, scratched by finger nail, light and minutely porous, 
friable, so that it can be rubl)ed down into a finely crystalline white powder. Mainly of foraminifera [564]. 
Large specimens of Cyclochfpeus ; Polytrema planum, and other forms like those in the preceding core. 
Halimeda. The organisms are very imfavourably preserved. 

Depth from Surface, 660-670 feet ; Distance Bended, 10 feet; Total Length of Core 

Ohtaiited, 8 inches ; Numbers of Cores, 344-347. 

There are only four short cylindrical cores, altogether about 8 inches in length, from 
this 10 feet of the boring. With one exception the cores are of a whitish, chalky- 
looking, soft and porous dolomitic rock similar to those immediately preceding. Corals 
are rare, Pocilhypora, one cast of Fungia and another of Madrepora were noted. The 
cores are nearly entirely of foraminifera, in poor preservation, Cyclodypetis being 
the predominant form. One piece of core, No. 345, is of a hard greyish-white 
dolomite, and differs so much in its hardness and general appearance from the soft 
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cores above and below, that Professor David questions if it is in its proper position. 
A microscopic section, however, shows that it contains the Scinie kinds of foraminifera 
as the cores above and below, so that probably it belongs here. 

Details. 

(344). Length 35 millims. Cylindrical, whitish, can be scratched by finger nail, light and very 
poroufl. Fragment of ca«t of Fnngia shown at one end of the core. Mainly foraminiferal [565], 
C^loclifpeits^ Carpenieriiiy abundant, with GhhvjfHna^ Polytrema j'lannWy A inphUhijina and Heteroategina, 
Echiiiid spines. 

(345). Length 55 millims. Cylindrical. Greyish-white, hard, somewhat porous. Casts of PociUopora 
and Mculreinn'ii. Alcfolinu (?), no<lular lum2)s of Pvhjtrema planum with large cells ; VijrhM'hjiH'us ; Caqtentena, 
common ; Amphistegina Ij^ssonii ; IL'krodf'tjirui df^prrssa ; Halnwila common ; IjUholhanmmn, This core 
contains a fair proportion of ciists of corals, and the foraminifera are not numerous ; further it is hard 
and in part compact [565a]. In spite of the differences between it and the cores above and below, the 
occurrence of the same foraminifera, which have been determined by Mr. Chapman, le^ds to the belief 
that it has not been misplaced, and in this case we have a hard layer of the rock intercalated between 
soft beds. 

(346). Length 68 millims. Cylindrical core, of whitish, porous, soft dolomite, similar to Cores 342-344. 
Mainly of foraminifera, partially cemented with minute rhoml)ohedral crystals. In a microscopic section 
[566] the following genera are shown : — Oi'bifoU(/*s^ Texinlaria^ TrunaUuUna^ (JlolngnirM, Pobitrenui planum^ 
Amphidfginu, IM'rodcgina and Ci/cJorlj/jH'us. Echinid spines. 

(347). Length 38 millims. Cylindrical. The sivme white porous rock, apparently contiiiniiig the 
same foraminifera as the preceding. A fragment of a cast of perforate coral. 

Depth from Surface, 670-691 feet; Distance Bored, 21 feet; Total Length of Core 

Obtained, 1 foot 1 1 inches ; Numbers of Cores, 348-356. 

From the 21 feet of this lx)ring, the length of the cores obtained only amounts to 
23 inches. The cores are cylindriccil, very uniform in character, consisting of Jl milk- 
white chalky-looking, light and very porous dolomitic rock, which can Ije scratched 
by the finger nail, and is friable enough to be rubbed to powder between the fingers. 
It is similar to the preceding 12 feet, from Core No. 341. The rock is mainly 
foraminiferal, but occasional layers of Montipora and casts of Styloj)ho7rt and an 
Astrsean are present. The Montipora appears to be in position of growth. Amongst 
the foraminifera Cycloclypeus is present in all the core^j, but not in any gi-eat 
numbers. Polytreimi planum with the large cells continues. Polyzoa. Some Litho- 
Hiamnion and Halimeda present, but not common. All the organisms are in very 
unfavourable preservation ; they are lightly cemented by minute rhombohedra of 
dolomite, many of which have darkened centres. 

Details. 

(348). Length 93 millims. Core cylindrical, of the usual white, porous rock. Casts of Montipora in 

undulating horizontal layers, probably in position of growth. The coral structure removed away, the 

interstices occupied by the dolomitic crystalline matrix. Core mainly foraminiferal [567] ; Glolngerina, 

Potijtrema phiniim, with large chambers, Amphistegina^ Uclrrodegina and Cf/clodi/peil^, Halinuda, 

LiihafhamnMm (?). 

2 U 2 



236 DR. G. J. HINDE. 

• 

(349) [568]. Length 70 millims. Light, porous, friable dolomite, similar to preceding. Cast of Astrae^iR 
coral. Largely of f oraminif era ; the same forms as in the preceding core. No. 348. Cij(iochfpeui>y hMt not 
abundant. Echinid spines, polyzoa, Hahmcda, 

(350). Length G3 millims. Cylindrical core, soft, porous, like preceding, but the organisms yet more 
unfavourably preserved. Rhombohedral crystals with opaque (white) centres. Almost entirely of 
foramiiiifera [569]. (iJohii/rrina, CaqH-nicria (?), Polytreiiia phmum, rare, Amphutcifma, Ileterosteyina and 
CffcMj/peus. Lithothaninion {1). 

(351). Length 70 millims. Rock similar to the core above. A few casts of a small MaiUij)OiU (1), The 
same foraminifera [570] as in No. 350, with the addition of 7'runrutnlina. Echinid spines. 

(352). Length 72 millims. Cylindrical, soft, friable, like the preceding. Several casts of perforate 
coral, probably Porifcs. Kock principally foraminiferal. DUcoi-hrna (?), (rlohh/mmi, Pohjtrcina planum, 
A niphiMaiimiy and Cijclochipcas. The forms are greatly altered, and scarcely recognisable in thin sections 
[571]. Plates and spines of echinids. LUJtofhamnum (1). Halinwia. 

(353). Length 28 millims. Cylindrical. Kock similar to 352. Scarcely anything to be seen with a 
lens beyond a CydochipfUii. 

(354). Length 70 millims. Core cylindrical, of the same soft, porous, chalky-looking dolomite as 
the preceding. Cast of piece of Stylop]wm ; some casts either of branching or simple Astrajan coral. 
Largely of foraminifera [572] ; the most prominent are nodular lumps of Polt/trenia planum, with the large 
chambers ; it grows rcnind the corals and other organisms. GlobifjerinUy Carpenleria, Gf/psina, Arnphuiegina, 
Heterostegitui, and Cyrloclfipeus, fairly common. lAthvihamniitn in small branches, and encrusting layers. 
Echinid plates and spines. Scrpuhi-UxbG^, 

(355). Length 82 millims. Core cylindrical. The same soft, porous, dolomitic rock, readily scratched 
by finger nail. Almost entirely foraminiferal, the same fomis as in Core 354, with the exception of 
Carpenter ia and Lhjpdnu, No corals recognised. The organisms are, for the most part, very obscurely 
shown ; in a microscopic section [573] rhombohedra of dolomite, with opaque centres, are very numerous. 
Echinid spines. Haliowda and JMIioi/iamnivn, 

(356). Length 23 millims. Core cylindrical, of the same description of rock as preceding. The only 
objects to be distinguished with a lens are casts of perforate coral, Fohjtrema planum, and Cydoclypeus. 



Depth from Surface, ii\)l-ii{)S feet ; Distarice Bored, 1 feet ; Total Length of Core 

Obtained, 2 feet 2 inches', Numbers of Cores, 357-36G. 

The character of the cylindrical cores from this part of the boring is closely similai* 
to that of the rock above, from 658 feet (Core 341) downwards. The rock is milk- 
white, porous, soft, readily scratched with the finger nail, and friable. It appears to 
be formed of minute rhombohedral crystals of dolpmite. Occasional casts of a small 
Astnea, and of a small fungid coral, are present, but the rock principally consists of 
foraminifera, very poorly preserved. Polytrema planvm and Cycloclypeu^ are the 
most prominent forms. P]chinid spines and plates. Both Halimeda and Lithothamnion 
occur. 

Details. 

(357). Length 45 millims. Cylindrical. The foraminifera [574] recognised belong to Globigerina, 
Polytrema plunum, with large chambers, Amphktegina, Hcterostegina, and Cydodypem, Echinid spines. 
Haliiiiedu common. 

(358). Length 69 millims. Cylindrical. Kock resembling the preceding. Core 357, and with the same 
organisms [575]. Nodular limips and encnisting layers of the Polytrema planum compose a large amouut 
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of the core. Halinwla and LUhothamnion (1). Stmctiire of the organisms replaced by the crystalline 
dolomite. 

(359). Length 69 millims. Cylindrical. The same soft, white, porous rock as the preceding. The only 
cond recognised is a cast of PodlhiHna. Principally of foraminifera [576], including PuUinuUna^ Globigerina, 
Carpenteria, Pohftrema planfun (large chambered variety) prominent, Gi//tdnUy Amphutf'fjinu^ Heterosteffina and 
Cydochjpeuii, Halim^ihi abundant. 

(360). Length 93 millims. by 54 millims. in diameter. Core cylindrical, of the same kind of rock as the 
foregoing. A single ctist of an Astraian coral, apparently a simple form. Probably the same foraminifera 
as in the preceding, but oidy CarpenU'riu, VoUitrema^ AinplmUfj'ma, and Vydoclypt'm are visible under a lens. 

(361). Length 85 millims. Cylindrical ; the same kind of rock as previously. Cast of undetermined 
coral. The same forms of furaminifera [577] as in core 359, with the iiddition of Tcduhina : Pobjirema 
planum very prominent. Ilalimrda-io'mts numerous; Lithothainnion^ not ctmimon, encrusting the Pol jfi re itui, 
Echinid spines and plates. 

(362). Length 76 millims. Cylindrical, rock similar to preceding. Cast of small fungid coral. Mostly 
foraminiferal, prolwbly same forms as preceding, but only Poli/fretna pkinnm and Ct/rhM-lt/jfeiUi can be 
recognised under a lens. HaUmrda abundant. 

(363). Length 62 millims. Cylindrical, l^)ck white, porous, readily scratched by nail, like preceding. 
Cast of small Furujiu [578]. (rlobifjrrirut, Pidijtirina pUinunt, JmjfJiisiftjina, Hdcivstctjinu^ and Cf/dodt/pcus. 
HaiimeddrjomtSy abundant and fairly well preserved. 

(364). Length 35 millims. Cylindrical. White porous dolomitic rock like the preceding. Casts of one 
or two small corals, but not determinable. The foraminifera [579] include Oddtolik'!<, (rloldtierina, Carptnkrkiy 
CalcariiKiy (ri/psimi, PnUjtn'ina plaiunn, very prominent, forming encrustations with subordinate alternating 
layers of Lithothamn'wn : JiHphisteyina, Ilderostajina, and Ct/dodi/jM'Us^ common. Jfdlinteda abundant. 

(365, 366). Total length 124: millims. Two cylindrical pieces of core of the same dolomitic rock as the 
preceding. They are largely foraminiferal [580, 581, 582] and contain the same forms iw the preceding, 
with the exception that THsrvdnna occuis, whilst Carpenterm is absent. No corals have l>een noticed. 
Pol ifire ma planum \9, v}y\\\\({i\\\\. and forms nodular lumps consisting of undiUating layers, alternating with 
layers of Lithoihamninn. Ci/dodf/iH't/s common. Ifalini/'da-]oinU. 

The core No. 3G() is the hist in the series of tlie upper part of the Main boring 
fi'om the surface down to 698 feet. With the lower part of the boring, which extended 
from 698 feet to the bottom at 1114 feet fromtlie surface, a new series of mmibers for 
the cores was introduced beginning witli lA and reaching to 709a. 

Depth from Surface, 698-706 feet ; Distance Bared, 8 feet ; Total Le)o(/th of Core 

Ohtuinedy 8 Inches ; Numbers of Cores, 1 A, 2a. 

The cores are cyUndrical, of whitish, j)orous, dolomitic limestone, harder than the 

preceding, so that they caiuiot be scratched by the linger nail. The rock is mainly 

composed of foraminifera and Haluneda-^oint^. Ojily a single small cast oi Madrejjora 

recognised. 

Details. 

(1a). Totid length 109 millims. Two cylindrical pieces of whitish dolomitic rock, very porous and 
crystalline. Amphiatcf/ina, IId<:rodojinay and Cijdodypcm, Ilalimfday abundant. Echinid plates. 

(2a). Length 83 millims., diameter 56 millims. Dolomite, similar to preceding, the pores lined by 
minute rhomlx>hedral crystiils. The most abundant constituent is Halhueda, a small cast of Madrqwra is 
aliK) present. The foraminifera include [681] Pohftrema plannmy (iijpsina tjlohulu^j Amphideyinay lleteivdegina, 
and CycMtjitena. Echinid spines in fragments. Cast of lamellibianch. 
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Depth from Surface, 7 06-7 Id feet; DistaiLce Bared, 10 feet ; Total Length of Core 

Obtained y 1 foot ; Numbers of Cores, 3a-8a. 

Cores cylindrical, with one exception, of whitish, soft, minutely porous, crystalline 
dolomitic limestone. Not soft enough to be scratched by finger nail, but yields readily 
to a knife. Like the preceding the cores mainly consist of foraminilera and Halimeda 
in a fine amorphous sediment, now cemented by crystals of dolomite. Only a single 
specimen of Madrepora noted. Amp)histejginay Polytrema and Cycloclypeics are the 
most prominent foraminifei*a. The organisms are very poorly preserved. 

Details. 

(3a). Length 30 millims. A fragment of core roiuided by drill. J utphidt'fjinu is the only form 
distinguishable with a lens. 

(4:A) [682]. Length 98 millims. Whitish, fine-grained, minutely porous, dolomite. A microscopic 
section shows that the greater part of the core consists of dark, amorphous sediment, cemented by small 
rhombohedral crystals of dolomite. A single piece of Madrepom and of another perforate coral, encrusted 
by Pol t/irenia planum ; Amphiaiegina, and Heterosk'gina. Serpula. Halimeda joints. 

(5a, 6a). Total length 52 millims. Two cylindrical cores of similar rock to the preceding. No corals 
noted. Same foraminifera as before, with the addition of Cf/dorlt/j^fus. Ilalimedn, 

(7a). Length 50 millims. The same white, porous rock as the preceding. Mainly of foraminifera : 
Amphistegina, Heteroskgina, Pohjtrema, and Cf/rloclypeus, A few joints of Halimeda. 

(8a) [683]. Length 66- millims. Whitish, fine-grained, minutely porous dolomite, with the same 
foraminifera as the preceding, embedded in a fine amorphous sediment. Echinid spines. Halimeda, 



Depth from Surface, 716-736 feet; Distance Bored, 20 feet; Total Length of Care 

Obtained, 2 feet 4 inches; Ntimbers of Core^, 9A-lfiA. 

Cores cylindrical, of whitish, soft, porous, finely crystalline dolomitic limestone, 

similar to preceding. The rock is sometimes sufficiently soft to be marked by the 

finger nail. It essentially consists of foraminifera and Halimeda ; corals are I'are ; 

one piece of an Astraean, one of Madrepora, and several casts of a small fungid, 

probably Cycloseris, are all that have been noted. Of the foraminifera, Polytrema 

planum is largely developed, forming prominent nodular lumps, some reaching to 

38 millims. in diameter, encrusting Halimeda and other organisms. Amphistegina 

nimierous. Cycloclypeus still occurs. Alveolina noted definitely for the first time in 

No. 13a, about 725 feet. In the cores from the lower part the foraminifera and 

other organisms are better preserved, and the fine amorphous material no longer 

prevails. 

Details. 

(9a). Length 43 millims. Whitish, soft, scratched by nail. Heterosieginu, Cydodi/peus, Cast of 
Cycloseris, 

(10a). Length 86 millims., diameter 56 millims. Whitish, soft, like preceding, light, and very 
porous. A piece of an Astraean coral cast, and the cast of a small Cycloseris (X), The core mainly 
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f oraminif eral ; Polytrema planum^ Gypdna globulus^ Amphisteginay Heterosffgifuiy Cyclorlypeua^ common. 
LUhothamnion. 

(11a) [684]. Length 190 millims. White, porous, soft, with occasional small cavities. Casts of a 
few small corals, very indistinct, Cydoseris (1) and Madrepora (1). The larger part of the core foraminiferal ; 
including Carpenieria, Globi/ferinCy Gypdna, Polytrema planum growing, in nodose masses, round corals, 
gastropods, and other ])odies, Amphhtegina Lemmii^ very numerous, HeUrostegina, and Cycloclypeus also 
very abimdant. Casts of gastropods. 

(12a). Length 72 millims. Whit<;, very porous, soft ; can be scratched by the finger nail. No corals 
recognised. Nodules of roUjirema planum very prominent, forming a considerable part of the core. 
Other foraminifera the same as in the preceding. Ifaliiiieday IMhothamnion, 

(IdA). Length 74 millims. "White, porous, soft, like preceding. Cast of Cydoinpnii, Mainly 
foraminiferal, but joints of Halinyda very numerous. Ahvolina definitely noticed for the first time. 
Amphistegina^ Hefnoategima, Polytrema planum, Cyrlorlypeun. 

(14a, 15a) [685]. Total length 176 millims. "White, very porous dolomitic rock, somewhat harder than 
the preceding cores. The pores and small canities and also the foraminifera lined by rhombohedral crystals. 
The foraminifera are indistinctly shown ; they consist of Alvfolrna, GhjUrigerina, Gypdna glolnthia, Calmrina 
hUpula, Amphistpgina, Heteioategina, Polytirma planum, and Cydorlypeus. Jfalimptfa very abiuidant. Echinid 
spines. 

(16a) [686]. Length 60 millims. AVhite, very porous, dolomitic limestone. JIalimeda-]oint8 form a 
considerable part of the rock. Foraminifera numerous ; of the same forms as in the preceding core, but 
the incrusting Polytrema does not seem to be present. The only coral is a small cast of Cydoama, cf. 
C. eydoUtea, 

Depth from Surface, 7 3G-7iS feet; Distance Bored, 12 feet; Total Length of Core 

Ohtamed, 3 feet 5 inches ; Numbers of Cores, 17a-31a. 

Cores cylindrical, of whitish to cream-tinted, for the most part porous, dolomitic 
limestone. The first four cores, Nos. 17a to 20a, are of soft rock, which can be 
scratched by the nail, the succeeding cores are much harder, but these are readily 
8i3ratched by knife. The cores vary much in their degi-ee of porosity, the upper and 
some of the lower are open in texture and resemble the preceding cores, whilst in 
others the interspaces have been almost entirely infilled with the crystalline dolomite, 
and the rock is nearly compact. There is not not much difference in the organisms 
composing the cores; the rock is mainly foraminiferal in character. The most 
prominent forms are Polijtrema playium, and large varieties of Amjyhistegina Le^sonii 
and Heterostegina depressa. Alreolina and Cychclyjyen.s are present in the upper 
cores, but have not l)een noticed in the lower. CJorals are comparatively scarce and 
only occur as indistinct casts. One or two Astrjeans, Cyjyhastrcpa, Cydoseris^ 
Madrepoi^a^ and Porites, ITalimeda is no longer abundant as in the preceding cores, 
Lithothamnion is present as thin crusts alternating with Polytrema i^lanum. 

Detaita 

(17a). Length 36 millims. Whitish, soft, porous, can 1x5 scratched by finger nail. Mainly of foraminifera 
and joints of llalimeda, A mphiatrgina, lld^nodtgina, VydodypeiUi, Cydoseris cast and piece of perforate 
coral. 
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(18a, 19a, 20a). Total length 140 millims. Cores, cylindrical, soft like preceding. The same 
foraniinifora as in the previous core. No corals noticed. Halimeda, 

(21 a) [687], Length 82 millims. Whitish, porous, hard, with some small cavities mainly of f oraminif era ; 
j4lm)linaj PoUjtreiim planum,, forming nodules, some of which are 48 millims. in diameter ; Gi/pdna glob\ihu% 
Amphi^fegindy and Ileinosteginay both large and numerous ; Nonionina, Only one piece of perforate coral 
noticed, probably Madrepwa. Jfalimeda; thin crusts of LithofJmmnioii. The organisms lined by 
rhom]>ohe(lral crystals of dolomite. 

(22a) [688]. Length 97 millims. Rock of same character as preceding. Mainl}^ foraminiferal ; (}rbMite.% 
AlveMmi, Gloltirieiinay Pohjlreiua, AmphUtegina, and Heierosiegina. Cast of Ct/rlonpinii and of small perforate 
coral. Halinmluy Lithothamnion, Casts of gastropods. 

(23a, 24a). Total length 166 millims. Cylindrical cores of whitish, hard, very porous rock, similar to 
the preceding. Almost entirely of foraminifera, the only coral observed is a cast of a small Astrasan. The 
most prominent foraminifera are the nodular lumps of Polytrema planum ; between these Amphistegina 
and 1 Mfro.^tcgina are packed, l)ut there are no signs of any arrangement in liedding layers. The interspaces 
arc lined, I nit not infilled, with the dolomitic crystals. Halimedu and Litlwlhamnvm. 

(25a) [689]. Length 103 millims. Whitish, hard, nearly compact, dolomitic limestone. The foraminifera 
in this core are very closely packed together, and the interspaces are largely filled up with crystals of 
dolomite. They comprise (hlntolite^, Bdelhu/ifia, Glohigermi, (rf/psina, Pohjtre)ua planum , Amphisiegina^ 
and Hctei'oafegirui, Cast of Ct/(1ostri'<. Plates of echinids. HaUmeda. 

(26a, 27a). Total length 164 millims. "Whitish, hard, partly porous, partly compact, principally 
of foraminifera similar to the preceding. Cast of Cyrhseris (T) and of a perforate coral. Casts of lamelli- 
branchs. 

(28a) [690]. Length 56 millims. Rock similar to the preceding. Cast of Ciijihwitrcea and of a perforate 
coral. Mainly foraminiferal. Ducmhina (1), Carpenieiia, Polytrema planum, AmpMMegina, and ffeterostegina^ 
very numerous. 

(29a, 30a). Total length 95 millims. Whitish to cream-coloiu-ed dolomitic limestone, in part porous. 
Almost wholly of foraminifera, of the same kinds as in the preceding cores. Casts of ('ijvloserh, 

(31a). Length 98 millims. Whitish to grey, hard, very porous in some places, in others nearly 
compact. Casts of Cj/cloaeris and of Pontes. Mainly foraminiferal; Pohjirema planum, forming large 
irregular nodules, Amphistegina and Ifeterosterfina, numerous. Alcyonarian spicules. Lithothamnion, 

Depfli from Surface, 7A8~763 feet ; Distance Bored, 15 feet ; Total Length of Core 

Obtained, 7 feet 1 inch; Numbers of Cores, 32a-54a. 

The solid cores from this part of the horing are nearly half the length of the 
distance passed through, and, from this to the hottom of the lx)ring the proportion 
of the solid cores is about 85 per cent, of the boring, or, in other words, each 10 feet 
of the boring is represented by 8^ feet of solid cylindrical rock -cores. The cores 
between 748 and 763 feet are of whitish-grey, hard, porous to compact, and 
occasionally cavernous, dolomitic limestone. The degree of porosity depends on the 
extent to which the interspaces between the organisms have been filled up with 
the crystalline dolomite which cements them together. In some of the cores, 
moreover, there is fine amorphous sediment, now consolidated, in the spaces between 
the foraminifera, &c. The cores of the upper portion, Nos. 32a~36a, between 
748 and 752 feet, consist principally of foraminifera. with occasional casts of corals; 
below 752 feet to 763 feet the same foraminifera are present, but they are associated 
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with a considerably larger quantity of corals, which give a distinctive feature to the 
cores. The coials aie casts only ; they are very imperfectly preserved ; in some the 
structures are dissolved away, leaving vacant spaces ; in others the corals are replaced 
with crystalline dolomite, which likewise fills up the calices, &c. In many Instances 
the corals appear to he in the position of gro\\i:li. They include PociUoporfiy 
Ilychiophora, Orhicdla, and other undetermined Astrsean genera, Cycloseris, 
Turhinama^ and Porlte.s. Of the foraminifera the most prominent is Polytrema 
planum, which encrusts small corals and other organisms, forming nodules up to 
50 millims. in diameter. Other genera present are Orhitolifes, Hruhlonia, Texfulana, 
Glohigerina (rare), Carpenferia^ Gypslna^ Amphistegina numerous, IleteroMegimiy 
and Cycloclypeus. Alcyonariaii spicules, Serjmla, casts of Cliona borings, Halimeda, 
and Lithothamniaii, 

Detaii^. 

(d2A). Length 94 millims. Greyish, hard, very porous dolomite. Prominent noduLir lumps of 
Pdyhrnia plannnt, A/iiphii<f^i/iiuif Ileieroshfjinay very large and numeroas, mainly composing the coie. 
Small perforate corals not det'erminal)le. Cheilostomatous polyzoa. 

(3dA). Length 88 millims. (greyish-whit^, and very porous. Large nodules of Pohjirema plan urn j 
the core almost wholly of this form, with Amphi4e(fin<i, IleferosHjinH, and probably Cyrlochtpeu^. 
Casts of rorillojHfra, in position of growth ; CifrloserU (1) and another fungid coral. 

(34a, 35a). Total length 161 millims. Greyish, hard, very porous. Same characters as in the 
preceding ; large nodules of Pohjiirma, with other foraminifera. A very neiit cast of IL/dnophora 
microcimOf Lam., apparently in position of growth. 

(36a) [691]. Length 97 millims. Whitish, hard, porous dolomite. Under the microscope there 
is shown a considerable amcjunt of apparently structureless sediment, cemented by crystalline 
dolomite. Cast of perforate coral, not determinable, the structure replaced l)y dolomite. Haddonia, 
Polytrema^ Aitiphistryina, and llderostefi'ina ; the structure of these forms piirtly destroyed. Some detiched 
alcyonariaii spicules. Hal im ft fa, 

(37a) [692]. Length 100 millims. Greyish, hard, porous, and Citvernous. Al)out one-half the 
core consists of an Astraean coral, cf. OrhiaUa acropoj'Uy LiNN., either as hollow casts or infilled with sediment 
and crystalline dolomite. The coral perforated by winding annelid (?) tubes with thick walls. 

(38a). Length 98 millims. Whitish-grey, hard, porous to compact. Cists of Orbicella and 
PoriUs (?). The larger part of core appjirently of fine detrital .sediment, with undulating layers of 
Pdytreiiui and Lithdhainn'wn. Amphi<tf(iina and Ileterosief/ina very indistinctly shown. Tubes with 
thick walls. 

(39a). Length 105 millims. Greyish-white, hard, porous in places, also cavernous. Large 
specimen of LhhiceUa aaopina ('<) as cjist. The coral structure has disappeiired, the calices, infilled ])y 
dolomite, now project as solid fluted pillars with vacant spaces between each. Casts of Poriffn and 
PocUlopwa, Corals overgrown by Polytrenui planum, Ciwt of shell now occupied by infilled VUm\a Imrings, 
which appear as small rounded beads linked together. Amphtskyina, 

(40a) [693, 694]. Length 88 millims. Greyish, with white patches, hard, only just scratched 
by knife, mostly compict. Larger part of core consists of cast of 7 Vn7/\s now for the most part infilled 
solid by crystidline dolomite. Also cast of small Astrjean ; cf. OrhiceUa hcliopora^ Lam., sp. Outside the 
corals much opaque seiliment, with bands of Lithdhawniim, Foraminifera indistinct, not numerous; 
Oypsina, Globigerina (1), AniplMeyinUy and IlvtfroMeymi. Tubular borings in coral, now infilled with 
cousolidatcd mud. Ualimeda. 

2 1 
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(41a). Length 100 millims. Whitish-grey, hard, for the most part, compact, with some cavities. Very 
little to be seen with lens. Casts of PocUlopora^ and a perforate coral, Adneopora (1). Undulating layers of 
Litholhai union and PoUjtreina (1), Amphistegina. 

(42a) [695]. Length 75 millims. Whitish-grey, hard and dense rock. Some small casts of perforate 
corals, encrusted by IJthothamnum, Corals infilled and replaced by crystalline dolomite, and not 
determinable. Core in part of sedimentary material cemented by dolomite. Patches of Pohffrenui, but 
they are less prominent than the Litfwthamnion, SpiroloculinUy and AttipltUteyinu. iSerpiila-tvihes, Casts of 
gastropods. 

(43a). Length 113 millims. Greyish-white, mottled, hard and dense. Prominent nodules of Polytrema 
plunwa, and between these the core is packed with Amphusfe(/ina and Heterostcfjina. Alcyonarian spicules. 
Cast of Podllopora. 

(44a). Length 110 millims. Whitish, very hard and dense, with occasional small cavities. Large 
nodules of Polytrema and other foramiiiifera, as in the preceding core. Cast of Astrsean coral, not 
determinable. iS^^ym/a-tubes. 

(45a) [696]. Length 100 millims. Whitish, hard core of the same character as 43a and 44a. Perforate 
coral surrounded by a thick layer of Pobjtrema planum^ and some thin alternating layers of Lithothamnion, 
Ponllop<miy Parifes. Corals replaced by crystalline dolomite, and very indistinctly shown. The inter- 
spaces between the corals are packed with foraminifera. The following have l)een determined by 
Mr. Chapman : (hhitoUtes, Textnlaria, Globigeiimi, rare, Grjpdnu, A inphi4egina, and Ileterosifgina, 
Alcyonarian spicules. Seipula-ivibe^. CViVmo-borings, Halimeda. 

46a. Length 90 millims. Whitish-grey, hard rock. Cast of Pmites. Nodules of Polytrema and other 
foraminifera, the same as in the preceding core. 

(47a) [697]. Length 110 millims. Whitish-grey, hard and dense rock. Casts of PociUoptna and Pontes 
enclosed by thick layers of Polytretnay with alternating layers of Lithotliamnion, ChbiioHtes complanatu, 
Gypdna discus, Amphisfegina and Heterostegina, Echinid plates. Cast of lamellibranch. 

(48a). Length 70 millims. Whitish-grey, hard, in places porous. Pmllopora, Polyt tenia nodules and 
other foraminifera, as in the preceding core. 

(49a) [698]. Length 100 millims. Whitish-grey, hard, partly porous, dolomitic limestone. Astrteau 
coral, casts of small Madrqtora and other corals not determinable, which are overgrown and enclosed by 
Polytrema planum. The corals are almost entirely replaced by crystalline dolomite. The core is mainly 
composed of foraminifera cemented by dolomite, (hbitolites common, Gypsina, Amphidegina, very 
numerous, Heterostegina, Echinid spines and plates. Serpulortwheat with thick walls showing concentric 
fibrous layers. Lithothamnion, encrusting. 

(50a) [583]. Length 104 millims. Whitish-grey, hard, porous, and partly cavernous dolomitic limestone. 
Several casts of small corals, including an Astraean and specimens of Tnrfnnaria, the second time this genus 
has been noted in the cores. The corals, as usual, encrusted hy Polytrema. Foraminifera similar to those 
in preceding core, with the addition of Carpenteria. 

(51a) [699, 700]. Length 94 millims. Grey, hard, dolomitic limestone, like the preceding. Casta of 
an Astrsean, Poriies and Turhinaria, encrusted by Polytrema planum. A considerable niunber of 
foraminifera, Orhitolites, Gypsina globulus, G. discus, Globigerina, Amphl<tegina, and Heterostegina. Echinid 
spines. Alcyonarian spicules, but little altered in fossilisation ; thin sections under the microscope are of 
a brownish tint, and show the structure of fibres radiating from the central axis. 

(52a) [701]. Length 90 millims. Greyish, speckled white, hard, porous, and also cavernous in places. 
Several corals encrusted by Polytrema planum. Casts of Pocillopora, an undeterminable Astraean, Cydoseris 
and Turhinaria. The corals are replaced, and the interstices infilled with the crystalline dolomite. 
Foraminifera, except Gldngeiina, the same as in the preceding core. Cheilostomatous polyzoa. 

(53a). Length 52 millims. Dolomitic, like preceding. Casts of small examples of an Astrsean coral, also 
of Turhinaria, mostly encrusted by Polytrema. The larger part of the core consists of foraminifera, as 
in 52a. 



REPORT ON MATERIALS FROM THE BORINGS AT FUNAFUTI ATOLL. 243 

(54a) [702]. Length 93 milliins. Whitish-grey, hard, partly compact, ])artly porous, dolomitic lime- 
stone. Several casts of small Turbinaria encrusted by Pohjlrenia planum and thin layers of LUkothamnu/n, 
Larger part of core consists of foraminifera, including O^rhitolites, (ri/jtsina, ^-iinphi.stffjina and Heterodegifija^ 
and with these small detrital organic fragmeiitH. Alcyonarian spicules. Echinid spines. Cheilostomatous 
polyzoa. 

Dejjth from Unr/ace, 763 771 feet; Distance Bored, 8 feet; Total Length of Core 

Ohtaineil, b feet 3 inches ; Numbers of Coynes 55a-73a. 

In this 8 feet of the l)oriiig the cores are cylindrical, of whitisli-grey to grey, hard, 
partly compact, partly porous, and occasionally cavernous dolomitic limestone. Casts 
of corals are present througliout, tliey are indistinct owing to their imperfect 
preservation, mostly small forms, some are prohably in position of gi-owth. They 
comprise Seriaf4>pora, PoriUopora, Goniasfrfpa, and otlier indeterminable Astrieans, 
GcUaxeaCi), CycJoseris, Afadre/porn, T^irbinaria and Porifes, The larger part of the 
cores as a rule consists of foraminifera and fragmental detrital materials, partly of 
broken-up foraminifera, and partly of minute fragments of other organisms. These 
are cemented together hy the crystalline dolomitic matrix, which sometimes entirely 
fills up the intei-spaces, forming a very dense compact rock, at others, not infrequently 
in close proximity to the compact |)ortions, the intei>>paces are only lined by crystals, 
and the rock is porous. Foraminifera are relatively fewer and leas distinct than in 
the preceding cores, and they are to a certain extent masked by the fine dSbris which 
constitutes a considerable part of the rock. Polytrema jdanum is less abundant than 
in preceding cores, the other foi-ms l)elong to Orhitolites, Ghhigerhia, Gypsina, 
Amphtsteffina, Heterostegina, and in the fii*st two and in one of the lower cores, 
Cyclocly^pem. Alcyonarian spicules, echinid spines, ILdimeda, and Lithothaninio7i, 
but spai^sely represented. No signs of stratification or bedding lines in the cores 
where the fine material })redomiuates. 

DKTAirjs. 

(o5a). Length lOi^ niillinis. (Jroyish, hard, for the most part compact and dense rock. Several casts 
of perforate corals ; MwlirjHfm, 7'itrhinaria, and undetermined forms. Greater part of core consists of 
fonuninifera and fragmented niaterials. (h/nfolifrs mmplannta common, Poli/fmna plannin, Awphist^^na, 
Heteraste^inay and Cfirhyhfpnt.^ (1) rare. 

(56a). Length 103 millins. (Troyish, haid, in part compact, with some cavities where corals have been 
dissolved away. Several small coral exists are dispersed throngh the core. IWiUo}}t>ra, an undetermined 
Astraean, Ci/ehserh, and Miiflrfpora. Some of these easts are enclosed by layers of Pohitreiiui pUinvni, which 
in section appear as thick white rings surrounding the i)artially vacant ciist of the coral. Foraminifera 
and detritus the same as in the preceding. Cheilostomatous polyzoa. 

(57a). Length 60 millims. Rook similar to preceding. Small casts of lWiUo}M,m, JAi/Z/vyw/zv/, and Poriifs{\) 
very much obscured. 

(58a). Length 57 millims. Grey with whitish patches, hard, porous, and with small cavities. Casts of 
an Astraeau, Madrepora{V} and other perforate corals, mostly encmstedby thick layers of Poh/frema planum, 
OrbUolUeSf Amphistegina, and Ileterwte^/inUf mingled with fragmental materials. 
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(59a) [584]. Length 97 millims. Whitish-grey, hard, for the most part compact and dense. Several 
small coral casts, including Seriutopf/ra, fhminstrfva (1) Miuheitora^ and Tnrlnnaria, mostly enclosed by layers of 
Polytrona, >vith some alternating thin layers of LUIiothamnion, (Uolrujerina, A wphlstef/ina, and Het^nrosUffina. 
A large amount of fragmental debris. Echinid plates. Halinmia. Cemente<l by crystalline dolomite. 

(60a). Length 72 millims. Greyish, hard, half-compact, half-porous, and with small cavities. Casts of 
Gah^^a{V}, a fungid, and 7'inhinana. OrUiolites, common, Polf/frema, Amphistegimty and Iffferosiegina. 

(61a). Length 114 millims. Grey, hard, partly compact, partly porous with a few cavities. Cast of 
a small Ganiasirmi (?) allied to 0. entnia, Dana. Greater pait of core of detrital materials with Chhiiolites 'And 
Ampkidejjina. Cast of gjistropod. 

(62a). Length 102 millims. (jrey, with white speckles, hard, for the most part compact and dense, 
with cavities. Cast of Gfrniasfrmi (?), apparently in position of growth, also cast of Ma^hepma. Greater 
part of core of fragmental (Wtria with foraminifora as in the preceding. 

(63a) [703]. Length 33 millims. Grey, hard, compact, similar to preceding. Cast of (ioniaatraa (1) and 
.l/rt//r^7?ora, which are enclosed hy Polf/frema planinn 'Aitenmtmg with LUhot/iamnio-n. Greiiter part of core 
of entire and fragmentary foramiuifera cemented by crystalline dolomite. Glolngeiina, rare, Gtjpsina dmus, 
Ainphisteginn, and Heferosfegina. Fragmentary echinid spines. Many of the detrital fragments are now 
shown only in outline, their original structures having been replaced by dolomite. 

(64a). Length 80 millims. Grey, hard, partly compact, with cavities where corals have been removed. 
Casts of Mwh'f'pora and of some other corals not determinable. The compact portion of the core of 
foramiuifera and detritus as in the preceding. Infilled borings of Clhmt. 

(65a). Length 115 millims. Whitish-grey, hard, mostly compact, with some cavities. Imperfect casts 
of Pocilhporiij Fungia, and Madirpora. Small white patches of Poh/hrwa. The larger part of the core of 
foramiuifera and detritus, the same as the preceding — little beyond Amphist^gina is recognisable under a lens. 
Cast of lamellibranch. 

(66a). Length 106 millims. Whitish-grey, dense, with some small cavities. With the exception of a 
few small casts of Podlhypwa and CgphaMrcmy the greater part of the core is detrital like the preceding. 

(67a). Length 132 millims., by 57 millims. in diameter. Whitish-grey, hard, minutely porous. Many 
casts of small corals, Ponlhpwa^ an Astrsean, Madrt*pora^ enclosed by PoUjIrenm planum Cast of Pecten, 
Foramiuifera not distinguishable with lens. No signs of bedding lines on the slit face of this core. 

(68a). Length 43 millims. Rock like preceding. Casts of Turhinaria and small Madrepora, Core 
mainly fragmental, Avith AmphisUgwn and Polytrema planum. Cast of lamellibianch. 

(69a). Length 73 millims. Whitish-grey, hard, minutely porous. Core nearly entirely of fragmentary 
materials, with foramiuifera and one or two casts of small perforate corals. 

(70a). Length 125 millims. Rock of same character as the preceding. Several casts of corals : Astrcea 
and Ma/hepora canfedn. Greater part of core foraminiferal, with detrital material. Gifpsina, Polytrema 
planum, and Amphutegina. LifhMwnnifm. 

(71a) [704]. Length 53 millims. Rock similar to 69a. Cast of small Ma<hrpora. Core mainly of 
detrital material and foramiuifera, cemented by crystalline dolomite. A mphistegina, Heteroskgina, and 
CycloclypeuK Alcyonarian spicules. Halim^da. 

(72a). Length 67 millims. Greyish, hard, minutely porous, and caveinous, where corals have been 
in part dissolved out. Casts of a small A. sir an and undetermined perforate coral. Foramiuifera as in the 
preceding. 

(73a). Length 34 millims. Rock similar to the preceding. Mainly of foramiuifera, with organic 
detritus and cast of undetermined coral. 
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Depth from Surface, 771-781 f*H; Distance Bored, 10 feet; Total Length of Core 

Obtained, G feet 11 inches; Numbers of Coj^es, 74a-9Ga. 

The cores from this 10 feet of the l)oring are closely similar in character to those 

preceding; they consist of greyish to whitish-grey, hard, partly compact, partly- 

porous and ciivernous, dolomitic limestone. The rock contains casts of various corals, 

mostly of small size, })ut the larger part is composed of entire and fragmentary 

foraminifera embedded in organic fragmental material and fine sediment. The corals • 

are casts only, very imperfectly preserved ; they include Focillopora, Orbicella and 

other Astrjean forms, Fungia, Madrepora and Tnrbinaria. The foraminifera are, 

as a rule, also considerably altered, and their structural characters aie obsciu-ed ; the 

most abundant forms are Pohjtrema planum and Amphistegina Lessouii ; of less 

frequent occurrence there are Orbitolite.s, (jrypsinn and Ifeterostegi)ia, Lifhoth amnion 

and Hah'meda. The lower cores from 86a downwards are somewhat harder and 

more compact, and the organisms are more clearly shown than in the cores above 

them. 

Detau.s. 

(74a). Length 95 niillims. Whitish grey, minutely porous. Almost entirely of foraminifera and 
detrital mateiials. Pobitmiui and Amphisivifiun. Only the cast of one small coral noticed. 

(75a). Length 110 millims. Rock whitish-grey, similar to preceding. Some small coral casts, not 
detemiinahle. Mainly of foraminifera and detriUil materials, (hhifoliffs and AinphUtnjiim. Echiuid 
spino. 

(76a) [705]. Length lO.'i millims. liock similar to preceding. Casts of a few small corals too far 
obliterated for determination. A microscopic section shows that the rock consists of fragmentary and 
entire foraminifera belonging to 7V////r///fi, (iypdna, AniphUfn/hin, and Ifffrrosfftjina. Echinid spines. 

(77a). Length 122 millims. Rock of same general characters as preceding. Casts of small 
perforate corals, overgrown by I^olfffrrma planum Mainly fragmental, with the same foraminifera as 
in 76a. 

(78a, 79a). Totid length 156 millims. Cylindrical cores of greyish, hard, mimitely porous rock, with 
occasional cavities. Casts of small corals, not sufficiently preserved for detemiination. Polf/frenia, 
Ainphvitcgina and Hfhro.4t*{fimi are the only foraminifera distingiushable with a lens. 

(80a). Length 107 millims. Greyish, hard, very fine grained, mimitely porous to C(mipjict. 
Apparently altogether of foraminifera and organic detritus. Only forms recognisiible with a lens are 
AmphUtegiiui and Hft^roMfyina. 

(81a). Length 98 millims. Core of same character, and with the s;ime foraminifera as the preceding. 
A single cast of Fuiujia, 

(82a). Length 86 millims. (Treyish-white, hard, minutely ])orous. Cast« of seveial small corals, 
including Madrqfom. Oreater jmrt of core foraminiferal and detrital. rolf/trema phtnvm, Amphir 
siegiwi, very numerous, and Uftfroiiffgiim. 

(83a). Length 55 millims. Grey, hard, fine-grained, mostly compact. Cast of IWillo^rtfra, Alcyonarian 
spicules. *S/'/7/w/<t-tubos. 

(84a). Length 56 millims. Core like pieceding. Cast of small FociUopwa. Alcyonarian spicules. 
Amphistegina. Cast of lamellibranch. 

(85a). Length 64 millims. In piirt grey, in piirt white, hard, porous, with cavities where 
cunils have Iwen dissolved out. Casts of AJatlrcpt/ra and other corals not deteiminable, Polylrtiua, 
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AmphiMegindy HeferoMfr/ina, Lithothawnum. Less fragroental material in this than in preceding cores, and 
the organisms can be more distinctly seen. 

(86a) [706]. Length 90 millims. Greyish- white, hard, compict, with a few cavities. Several 
wists of corals, including Fimffia, the width of the core (57 millims.), also perforate corals, Madrepcra and 
Montipora (1) ; their stmctures are replaced by dolomite, whilst the interstices are infilled with sediment, 
and they are enclosed by alternating layers of Pohjtrema planum and Lifhofhainnion, The foraminifera 
include OrbihUffs, Gifpsimi disn/s, AmplmUgina, and HeteroHkginu. Plates of echinids. Fragments of 
lAthothininum, Joints of Halii/i^^da, showing their tubular structure very distinctly under the microscope, 
calling to mind that of GirvaneUa from the Silurian rocks. Alcyonarian spicules. The organisms are 
cemented by crysUillinc dolomite. 

(87a). Length 25 millims. Greyi.sh-white, hard, generally similar to preceding. Cast of Mculrepora (t). 

(88a) [707]. Length 42 millims. Mottled white and grey, hard, porous. Mainly of coral casts, 
now replaced by crystiilline dolomite, and penetrate^l by borings of Clhna and other organisms, so that 
their original characters ciinnot be determined. The borings are infilled with consolidated mud. Pohitrema 
and A niphisfrf/ina. 

(89a). Length 100 millims. Mottled grey and whit-e, hard, dense dolomite. Many small 
perforate corals, including Mwhrpma nmtcrta, enclosed by thick layers of J'olf/finna plannm and LUh4)' 
Ihamn'ntn. Between the corals Ainplnstcfjirui and Ifftrrosftyina. IfaJim^thi-jomU. 

(90a). Total length 240 millims. Greyish-white, hard, compact to porous, with some cavities. 
Core largely of coral casts enclosed by Pohftmna planvw and TjUhofhainnion, OrhMla, cf. 0, fwrapora 
and Mafhrjfura., many casts not determinable. Aniphvitegiria and Hctn'oalegi'nu. Haiti neda. 

(91a). Length 136 millims., diameter 57 millims. Rock of the same character as preceding. 
Casts of small Astraean, Madn^jntra^ and others not determinable. About half the core foraminiferal ; 
Pohjtrema and AmpImUgimt^ very numerous. Casts of lamellibranchs. 

(92a) [708]. Length 100 millims. Mottled, grey, and white, hard, dense, partly porous, partly compact, 
with a few cavities. Many casts of corals, Podllopora^ two kinds of Astrsean corals and Madre- 
pora. The corals replaced by dolomite are dissolved ; the interstices either infilled by sediment or 
cryBtalline. (ijfpdnay Pohjtremu, Amplmtegina, and Heterostegina. Litlwthamnion in undulating layers. 
Jfalimedu. Casts of lamellibranchs. Serpula. 

(93a). Length 75 millims. Whitish-grey, hard, mostly compact, but with a large patch 
where the rock is porous. Several coral casts, one an Astrsean, also Twrhinaria and others not deter- 
minable, showing only infilled borings of Clionu, Corals overgrown by Pohjtrema and Lithothamnian. 
Core piicked with foraminifera, principally AmphUtrgina Lessonii. Alcyonarian spicules. 

(94a) [709]. Length 30 millims. Rock similar to preceding. Cast of Astraean coral replaced 
by dolomite, and the interstices filled in with sediment. Alcyonarian spicules ; thick layers of 
Vohjti't*ma planum and Lithotliamnum, with foraminiferal and other detiital materials cemented by 
crystalline dolomite. 

(95a). Length 78 millims. Rock of same character as 91a. Casts of perfoliate corals ; Afadrepara and 
Montipora (?). Corals small, and as usual encrusted by Polytrema and Lithofhamnion. Amphhfegifuiy very 
numerous. 

(96a). Length 100 millims. Whitish-grey, hard, porous rock. With the exception of two small 
examples of PoriUopora and Madreparay the core is foraminiferal and fragmental, the predominant form 
being Ampliisfcgha lAssimii. Casts of gastropods. Halimedorjomts, 
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Depth Jmm Surface, 7 H 1-7 90 feet ; Distance Bored, 9 feet; Total Length of Core 

Obtained, 7 feet 10 uwhes ; Nuvihers of Coves , 97a~122a, 

The cores are cylindrical ; they consist of whitish-grey, mottled with white, and 
occasionally speckled, undulating layers of dolomitic rock, generally similar to the 
preceding. The rock is hard, it can he scratched with a knife, hut not readily, 
(H := 4) ; is generally compact, hut with occasional cavities and small hollows. The 
whitish banded portions, for the most part of encinisting Polytrema and Lithotham- 
niony are of a softer character than the grey portions of the rock. The cores are 
formed mainly of casts of corals and foraminifera, with fine detrital materials. The 
corals are more numerous than in the preceding cores ; in some cases they are 
estimated to fonn one-third to one-half the rock. They principally belong to 
Pocillopora, Cceloria, Astrcpa, Goiiiastrceay Madre/f>ora, Astrfeopora, and Forifvs, 
The corals are, in part, replaced by crystalline dolomite, and their intei*stices 
infilled by fine consolidated sediment ; often, however, the original structiue has 
been removed, and the spaces are now empty. Some of the corals appear to be in 
their position of gro\vth. For the most part they are small forms. 

The larger part of the rock still consists of foraminifera and detritus cemented by 
crystalline dolomite. The foraminifera include Orhitolites, Texfularia, PlacopsiUna, 
CarpenteHa , Calcarina, Gj/psina , Polytrema, A mphistegina, and Heterostegina. 
Carpenteria occui*s in patches. The walls are removed, and only their casts traversed 
by the infilled canals remain ; Polytrema planum is a very prominent feature of the 
rock. Alcyonarian spicules are of common occurrence, and one specimen of 
Lohophytum was noticed. Serpula-iuhGiH, Halim^eda, fairly preserved, and LithO' 
ihamnion. The consolidated detrital materials and fine sediment, as seen in 
microscopic sections, consist of broken-up foraminifera, and fragments of Lithoiham- 
nian, with other minute particles of organisms, which cannot be determined. 

Details. 

(97a, 98a). Total length 186 niilliuw. Whitish-grey, hard, compact, dolomite, with cavities. Casts of 
small forms of MadrqHfia and rwUes (1), Greater part of the core consists of foraminifera and detrital 
materials, Amphuteyinu, very numerous. Polf/trfmu. Serjmla. Casts of lamellibranchs. 

(99a, 100a). Total length 187 millims. Whitish-grey, kird, generally compiict and dense. Some 
porous areas and small cavities. Several casts of Miulrepom and other perforate corals, altered beyond 
recognition; these serve as the nuclei of Poli/treina and LithoiJiamnian, "which encrust them with white 
concencric layers. Somewhat more than half the core consists of foraminifera and minute fragments 
cemented by dolomite. Casts of gastropods. 

(101a) [710]. Length 113 millims. Greyish-white, mottled and speckled, partly compact, partly porous. 
Lower part of core entirely of cast of PirrUeii, cf. P, aremm, Esper, sp. Coral structure replaced l>v 
crystalline dolomite, and the interstices infilled with the siime in part, and in part empty. The' 
foraminifera include Orhifolifes, IWtularm, Calmrimi, PohitrmiUy Amphistt^ijina and HettroMe(tina, Alcyonarian 
spicules; groups of ASV/p//«-tubes. HaVuneda, showing structure. Fragments of Lithothamnvm in the 
detrital materials. 

(102a) [711, 712]. Length 111 millims. Banded white and grey, hard and dense rock. Casts of 
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Madrepora confeda and Pontes, About one-third of this core consists of coral casts and the investing 
Pohitrema planum, Foraminifera, as in the preceding, with the addition of Vnipenffiia, Alcyonarian 
spicules, common. Numerous minute detrital fragments, but too much altererl for determination. 

(103a). Length 129 millims., diameter 58 millims. Greyish-white, mottled, with occasional small 
cavities. Somewhat less than half the core consists of coral casts ; Podllopora^ an Astrs&an, Madrepora and 
Pmifes (?). The corals encrusted with Polt/frema and some Lithdhawnion. Foraminifera and detrital 
materials form almost exclusively the lower half of the core. 

(104a) [713]. Length 81 millims. WTiite and grey, hard, some small cavities. CceJaria, replaced by 
crystalline dolomite and the interstices filled in with consolidated sediment. Al)out two-thirds the 
core of nodular, very evenly laminated, Lifhofha/nnion^ with numerous perforations. Alcyonarian spicules. 
Aniphistegina. Stellates uf ascidians in the sediment. 

(105a) [714]. Length 96 millims. Mottled white and grey, porous in places. Casts of Madrepora and 
an Astraeati coral, with other forms not determinable. Foraminifera abundant, their structure 
imperfectly preserved. OrhifoWes, Carpenferia, CaicarinUy Gi/psina reiiindaritiy var. disrusy Pohitrema miniactum, 
P. planum y Amplmtefjina^ and Heterostegina are shown in the microscopic section. Detached spicules of 
alcyonarians, and a fragment of Ijjhophyt^tm. Halimeda^ Lithofhamnian. 

(106a). Length 151 millims. Greyish- white, mottled, hard, porous in places, with some small cavities. 
Several ciists of small foinis of Madnpora, Asfro'ojmra, and other corals, with a large amount of encrusting 
Poljftrema and some Lithothamnion. Larger part of core packed with foraminifera ; OrlntoUte^% Carpenteria, 
Amphutegina and Heterost^fina can be distinguished with a lens. Halimeda-joiiits. 

(107a) [715]. Length 52 millims. Grey, hard, porous, cavernous. Core almost, entirely consists of a 
cast of Astrtmjma, the coral structure mostly removed and the interstices filled in with consolidated 
sediment or with crystalline dolomite. Alcyonarian spicules, (ri/jidna rmrtdaris, var. diiynu^ Amphistegina 
and Heterostegtna. Halimedu. 

(108a) [716, 717]. Length 90 millims. Grey, hard, compact to porous. Al>out one-third of core 
consists of coral casts ; ikeloria, cf. C. dcrdal^n, Ellis and Sol., apparently in position of growth, small 
Madrepina and A streeojtora. The remaining part of the core of foraminifera and detrital material, 
Orbitolitesy Polytrema, Amjdiisfcgina and Hetnustegina. Lithothamnion, 

(109a). Length 96 millims. Mottled grey and white, hard, pjirtly compact, partly porous. Coelwia^ cf. 
C. dmhlcUy surrounded by thick undulating layers of Poli/trf^mu plaint m and Lithothamnion. Branching 
Madrefma. More than half the core of coral growth and the encrustiitions over it, the rest of foraminifera 
and detrital material, as in the preceding, together with patches of Carpenteiia casts. 

(110a). Length 127 millims. Mottled greyish- white, hard, mostly compact, with small cavities. 
Casts of Cwlwuiy like the preceding. The greater part of the core of foraminifera and minute fragments, 
with white nodular patches of Poh/trfma and Lithothamnion. Orhifolitesy i 'arjte-ntena (casts), A inphi'degina 
and Hetei'ostegina. 

(111a). Length 89 millims. Greyish, hard, porous and cavernous, where corals are present. Madrepora 
contecia, structure poorly shown. Thick layers of Polytrema and Lithothamni^yn. Foraminifera very 
indistinct. 

(112a, 113a) [718]. Total length 134 millims. Whitish-grey, speckled, hard, compact generally, but 
cavernous where corals have been removed. Casts of Madrepora nmteftay also of (/(miastrtm; the coral 
structure replaced by crystalline dolomite, the interspaces partly occupied by consolidated sediment. 
More than half the core of foraminifera and minute detrital fragments of organisms — some now replaced 
by dolomite. Orhitolihs^ IWtulai-ia, Caharin<i, Gypsina resimlaris, var (Usni.s, Poljft^'ema miniacrumy 
Amphistegina and heterostfginu. Alcyonarian spicules, echinid spines. Casts of giistropods. HaUmeda, 
branching Lithothamnion. 

(114a, 115a) [719]. Total length 150 millims. Greyish-white, mottled, hard, compact, with fissure-like 
hollows. Casts of the same form of Goniastnea as in the preceding, also of Madrepora and undulating 
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layers of Mantipora (?) Foraniinifera as in the preceding, with the addition of Placopsilina and of Polijfrentu 
planum, Alcyonarian spicules. Echinid spines. LWudftamnionj HaliiMda, 

(116a, 117a, 118a). Total length 246 millinis. Greyish-white, speckled, hard, partly compact, partly 
porous, with irregular hollows. Several casts of Mculrepora^ surrounded by white layers of Polyfrernn 
planum and Litlwthaumion, Larger part of the cores of foraminifera and minute detrital fragments, very 
little recognisable with a lens beyond casts of Carpenfnia. Rock very crystalline. 

(119a). Length 75 millinis. Greyish, speckled, hard, dense. With the exception of one or two small 
undetermina])le casts of corals, the core consists of foraminifera and fragmental detritus, cemented by 
crystalline dolomite. 

(120a) [585]. Length 162 millims. Greyish, speckled white, hard, mostly compact. A few casts of 
a small Miulrepom^ now filled up with dolomite. Casts of gastropods and lamellibranchs. By far the 
larger part of the core of foraniinifera, with worn fragments of organisms, now dolomitised beyond 
recognition. Foraminifera also much altered. Ch-lnioliies, Calcarina, Gypsina vmcularia, var. discuSf and 
Gypsina, sp., Folytrema minwri'niii, P. planum y Amphute^ina and Heittostrgina, can be distinguished in 
microscopic sections. Halimeda-iomtay not uncommon. Echinid plates. Branching LifhMamnion, 

(121 A, 122a). Total length 64 millims. Rock in character like the preceding. Cast of Astraean coral, 
cf. Asirmt dfnticulaiay Ellis and Solander, and of a smaller form as well. 



Depth from Surface^ 790-798 feet; Distance Boredy 8 feet; Total Length of Core 

Obtained y 7 feet 5 inches ; Numbers of Cores y 123a-144a. 

Cores cylindrical, of greyish-white, mottled with undulating bands of white, and 

also speckled, dolomitic limestone, (jenerally hard, like the preceding, but in some 

cores the whitish portions, comprising principally Lithothamnio'ii and some of the 

fragmental materials, have undergone a change, and are now soft and powdery. For 

the most part the rock is compact and dense, but in places where the foraminifera 

and detrital materials have been only partially cemented by crystalline dolomite it is 

porous. The rock is not infrequently cavernous, due to the partial removal of corals. 

Corals as casts are generally present ; some cores are mostly composed of them, while 

in others only one or two small forms are to be found. They are in the same 

condition as noticed previously ; the structure is either dissolved or replaced by 

crystalline dolomite, whilst the interstices are now either crystalline, or infilled with 

hardened sediment. The corals include Pocillopo7'ay Seriatoporay Orbicellay and 

Madrepora co7Uectay largely composing one of the cores (1 34 a), and Poi^ites. The 

foraminifera are less prominent ; the same forms are present as in the cores 

immediately preceding. Alcyonarian spicules are of common occurrence, and one 

piece of Lobo'phytum is present. Fairly large casts of gastropods. The most notable 

feature of the cores is the great development of LithothaninioUy both as encrusting 

corals and as nodular branches. The encrusting foraminifer, Polytrema plaimniy is 

also present, but very subordinate to the calcareous alga. Halimeda also occurs. 

The organic contents of these cores call to mind the cores of reef rock in the upper 

portion of the boring. 

Details. 

(123a). Length 93 millims. Grey, speckled, hard and compact, except where coral occurs. Nearly 
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two-thirds of the core consists of an Astrsean coral (f) Orbicella, probably in position of growth. The coral 
is surrounded by nodular and encrusting LUhothamnion. Remainder of core consists of foraminifera and 
fragmental material ; but little can be distinguished under a lens. 

(124a) [720]. Length 93 millims. Greyish-white, banded, partly compact, partly porous, and with 
small cavities. Cast of meandriform coral (1) Co^lona, About one-third of the core of LUhothamnion, in 
white, thick, undulating layers, very dense and opaque, but when reduced to thin sections the structure 
is fairly well shown ; rows of oval conceptacles are present. CalcunnUy Gijpdna vesicularis, var. discus, 
Polytrema j^^o^num, Amphi4egin(i, and Heterostegina, Alcyonariaii spicules. Echinid spines. Gjistropod 
casts. 

(125a). Length 68 millims. Greyish- white, mottled, hard, very cavernous. Core mainly of thick, 
white layers and branches of LUhothamnion^ like the preceding. Casts of small perforate corals, filled up 
with the dolomitic matrix. Foraminifera and cUbris, as in the last core. 

(126a, 127a, 128a). Total length 234 millims. Grey, speckled, hard, generally compact, dolomite, 
with occasional cavities where gastropods have been dissolved out. Casts of branching Seriatopora, and 
other small corals not determinable. Corals overgrown by LUhothamnion, The cores are nearly entirely 
of foraminifera and minute dctritil mateiials ; the only forms recognisable under a lens are MntoUtes and 
Amphist^gina. Serpiila. 

(129a). Length 98 millims. Grey, hard, dense, with several small cavities. Casts of small corals, 
enclosed by LiihotJiammion, and infilled by crystalline matrix. Larger part of core consists of foraminifera 
and detrital material. 

(130a). Length 126 millims., by 58 millims. in diameter. Grey, hard, compact for the most part, 
in places porous and cavernous. Core mainly of coral casts; Astrsean, Madrepoi-ay and Pontes, cf. 
P. arenosa. 

(131a) [721]. Length 107 millims. Whitish-grey, speckled, hard, mostly compact and dense, central 
portions slightly cavernous. Casts of small perforate corals, Madrepvi-a (?) and Montipora (?) ; they are 
replaced by dolomite, and encrusted by LUhothamnion, About two-thirds of the core consists of 
foraminifera and fragmental material. Calcarina, Gypnina vedailuiis, var. duais, Folytrema plasma, and 
Heterostegina, Alcyonarian spicules, but little altered. Echinid spines. Serpula-i\x\)Q% in groups. Cast of 
small Echinus, 

(132a). Length 98 millims. Greyish, mottled rock, hard, mostly compact, with some small cavities. 
Several casts of small forms of Madrepora and Montipora (?), encrusted by LUhothamnion, Foraminifera 
and minute fragments, same as in previous core. Serpula, branching LUhothamnion, 

(133a) [722]. Length 140 millims. Greyish, mottled, mostly compact, with occasional cavities. 
Largely of casts of corals, enclosed by layers of Lithothamnian, the casts for the most part 
infilled with crystalline dolomite, whilst in some there are infilled borings of Cliona, &c. PocUlopora, 
Madrepora amieda, Montipora (?). OrbUolUes, Polytrema miniaceiim, P. planum, Amphistegina, and Hetero- 
stegina. Alcyonai-ian spicules. Echinid spines, their structure almost obliterated. Halimeda, Casts of 
gastropods. 

(134a) [723]. Length 85 millims. White, with a few greyish spots, porous, the white portions are 
soft, incoherent, can be scratched with the finger nail, whilst the grey are hard and compact. 
The entire core, except one corner, is a mass of Madrepwa contecta, the coral is replaced by crystalline 
dolomite, whilst the interstices are in part empty, in part filled with white, opaque, detrital material. 
In upper end of core cast of Astraean coral, but little shown. Casts of gastropods. Nodules of 
Liffiothamnion, Alcyonarian spicules. Amphistegina. 

(135a) [724]. Length 176 millims. Whitish-grey, mottled and speckled, partly compact, partly 
porous, hard, some cavities where gastropods and corals have been dissolved out. Cast of Madre- 
pora contecta and other perforate corals replaced by dolomite. Fragment of Ldbophytum 23 millims. 
long by 8 millims., as shown in section, with the spicules in position. They are for the most part 
unaltered, and retain their fibrous structure; in some instances, however, their interiors have been 
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replaced by crystalline dolomite. Foraminifera numerous, embedded in a fine-grained sediment; 
TexiiUaria riujimi^ Carpentaria, Calcarina, Gfq)si7ia, Pdytreiiia, Amphistegina^ and Helei'oskgina. Gastropod 
casts, one 30 millims. in length by 26 millims. wide at base. Halimfdxi, LUhotluimnion, 

(136a) [725]. Length 92 millims. Greyish-white, mottled, hard, mostly porous. Cast of Ma<hepora (1), 
in part hollow, in part filled in with crystalline dolomite, and enclosed by Lithothamnion. Other small 
coral casts not determinable. Infilled borings of Cliona. Foraminifera and detritus. Calrarina, 
Gypsina^ Pohjtrema minuw4fvm, and A mphiMe^firui. Alcyonarian spicules, echinid spines. Lithothumnion, 
with the structure well preserved. 

(137a). Length 113 millims. Grey, mottled, hard, compact, with porous piitches. General characters 
like the preceding core ; a few casts of small corals, filled with crystalline dolomite ; thick, luidulating 
layers of Lithothumn'um, and an agglomerated mass of foraminifera and minute detritus. Polytrtma 
and Amplmfegirui, Echinid spines. 

(138a). Length 88 millims. Greyish-white, compact to porous, very cavernous, where corals 
have been removed. Core traversed by casts of a branching Podllopora^ showing a mould of the 
calices in the walls of the cast. Foraminifera commingled in coarse detrital fragments. OrbihlifeSy 
Gypsinaj Pohjtrema, and AmphiMf^finu, Lithoiliawnion, 

(139a, 140a) [726]. Total length 202 millims. Mottled, grey and white, hard, partly compact, 
partly porous. Core mainly of thick, undulating layers of Litlwthanmiim, showing structure, and inter- 
spaces now filled with crystalline dolomite, where corals appear to have been removed. A small quantity 
of Polytrema planum, alternating with the LUhoikamniofi. OrhUolUes, Giipdna inhcerens, Amphistegina. 
Branching Porillopara ; Alcyonarian spicules. Halimedorjomts. 

(141a). Length 100 millims. Whitish-grey, mottled and speckled. Al)OUt half the core of layers of 
LUhothammm, the rest of foraminifera and detritus. Pocilhpma and Matlrepora. 

(142a). Total length 199 millims. Greyish-white, hard, porous, with small cavities. Many casts 
of small corals ; Pocilhpora, which has been extensively bored by Cliona, and Madrepara cofUeria, partly 
overgrown by Polytrema planum, Lithothamnion, in comparatively small amount. Foraminifera but 
little shown. 

(143a, 144a). Total length 119 millims. Whitish-grey, mottled, mostly compact, with small cavities. 
Casts of small corals, replaced by crystalline dolomite and very obscurely shown. Podlhpora and 
Madrepara, Polytrema planum. 



Depth from Surface, 798-804^66^; Distance Horexl, 6 feet ; Total Length of Core 

Obtained, ifeet I inch; Numbers of Cor e^, I45a-156a. 

Cores cylindrical, of greyish, greyish -white, mottled, hard, dolomitic rock, mostly 
compact, but very cavernous, the hollows arising from the removal of corals. The 
cores largely consist of casts of small corals, many apparently in position of growth. 
The most persistent is PocUlopora ; with the exception of one specimen of Orbicella (?), 
the other forms are perforates, belonging to Madrepora, Porites (?), and Montipora (?). 
They are all in an unfavourable state of preservation, the structure being either 
entirely removed or replaced by crystalline dolomite, and they are frequently traversed 
by a network of infilled casts of CUona and other organisms, which remain after the 
coral itself has been dissolved away. Foraminifera are hardly distinguishable under a 
lens, the forms recognised belong to Car^yenteria^ Calccvrina, Gypsina, and Amphi- 
stegina. Polytrema encrusts the corals, often alternating with Lithothamnion, which 
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is abundant. Alcyonarian spicules, echinid spines, and joints of Halimeda are 
included in the fragmental detritus. 

Details. 

(145a, U6a). Total length 174 millims. Greyish- white, hard dolomite, with several cavities. 
Casts of Pocillojxnay Madrepara, Pmiifs (?) or MofUipora, overgrown by Pobffrema planum and Liiluh 
ihamnion. Infilled casts of Cliona. Aniphkfeffina. Casts of lamellibranchs. 

(147a). Length 130 millims. Mottled, greyish-white, hard rock, very cavernous. Casts oi PociHopara 
and Madrepora, for the most part solidly infilled and replaced by the dolomitic matrix ; the PocUlipora, 
however, is more often dissolved away, leaving only a mould of the calices. AmphiMegina. 

(148a). Total length 243 millims. Whitish-grey, hard, compact to porous, and very cavernous. Casts 
of Pocillopora and Ma/frepma in the same condition as in the preceding. Very little to be seen imder a lens 
in the areas not occupied by corals. The infilled casts of Cliona very well shown. 

(149a) [727]. Length 177 millims. Grey, mottled, hard, with numerous cavities. Casts of PorUlopora 
and Mad/rpora, which are encrusted with layers of Pohjtrema planum and Lithothamnion. Interstices of the 
corals infilled with consolidated sediment. Carpenieriay Calranna, P, miniareum, and Amphisie(^na, 
Alcyonarian spicules. Echinid spines. In the detrital material, fragments of Lithothamnion and Halimfda, 
and pieces of organisms now replaced by crystalline dolomite. . 

(150a 151a) [728]. Total length 190 millims. Mottled, greyish-white, hard, porous in places, and very 
cavernous. Cores mainly of casts of Pocillopora, with thick, white, undulating layers of Lithothamnion, 
Gi/psina inhmrem. 

(152a, 153a, 154a). Total length 120 millims. Rock of same character as preceding. Mainly of 
Pocillopoia and thick undulating layers of IMhothamni4^n. In 154a a cast of a small (h'lncella Ci), cf. 0, orian, 

Dana. 

(155a, 156a). Total length 190 millims. Greyish, hard, partly compact, partly porous, with large 
cavities. Casts of Pocillopora and Madrepora. In the greater part of these cores the organic remains are 
either quite obliterated or replaced by crystalline dolomite, in which only whitish grains can be seen with 
a lens. 

Depth from Stirface, 80 A-810 feet ; Distance Bored & feet: Total Length of Core 

Obtained, 5 feet 1 inch; Numbers of Cores, 157a-'174a. 

Cores cylindrical, of whitish, whitish-grey, partly mottled, dolomitic limestone ; 
hard (H = 4), partly compact, partly porous, in places cavernous, but not nearly to 
the same extent as in the cores preceding. The cores on the whole are principally of 
casts of corals, apparently in position of growth ; they are badly preserved, and 
usually enclosed by growths of Polytrema planum and Lithothamnion, The corals 
iuoliule Pocillopora, Seriatopora, Ccdoria, Astrsean not determined, Madrepora^ 
Tnrhiwiria^ Montipora, and Astrceopora. The areas between the corals are filled 
witli fVii((mental materials ; amongst these are foraminifera, alcyonarian spicules, 
(iohinid spines, casts of Gastropods, Serpula, Halimeda, and in the finer sediment 
(llti luinuta stellate spicules of Leptoclinum can be recognised. The organisms are 
oi^iutilit't^d by crystaUine dolomite. 

Details. 

^^MA) l«i»H||ll» in niilliniH. Whitish-grey, porous, hard dolomite, with small cavities. The core is 
^%\^ii^( hy H limhuhing Pocillopora, apparently in position of growth. The corallites are either solid or 
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hollow, and have the tabulae preserved. Casts of a small Madrepora, solidly infilled with crystalline 
dolomite. Aniplmt^giiui, Halimfda. 

(158a, 159a). Total length 141 miJlinis. Whitish-grey, mottled, mostly compact, with occasional 
cavities. Casts of Porillopora, an Astraean, and indistinct perforate corals, some solidly infilled with the 
crystalline matrix. The corals are enclosed by layers of LMIMamnion. Foraminifera not distinguishable 
with a lens. 

(160a). Length 52 niillinis. Greyish, speckled, hard, partly porous. Appjirently detrital in character, 
solidly infilled with the doloniitic matrix, only small, white patches of IJi/wfluimni/m distinguishable. 
Casts of large gastropxl, and of a lamellibranch. 

(161a) [729]. Length 147 miJlims. Greyish-white, mottled, porous, with some cavities. More than 
half the core filled with a branching IWiUopora^ in position of growth, similar to that in 157a. In the 
lower half of the core a small Astraean and Montipora (1) filled with the crystalline dolomite. Foraminifera 
in fine sedimentary material containing IjeptMnum stellate spicules, now replaced. OrhMUes, Glohigerina, 
CaJcarifUJj Poh/frfiim iinniarcun}, P. planum, Amplmtegiiui, JffferosO'fjina. Echinid spines. Alcyonarian 
spicules. Casts of gastropoils. Encrusting Lifliotliainnion, Halmetla. 

162a. Length 132 millims. Whitish-grey, hani, partly compact, partly porous dolomite. The upper 
third of the core consists of a cast of dehiid ; in the lower portion, Matlrfprna, with other small perforate 
corals, the characters nearly obli teratoid. Rest of core foraminiferal and fragmental. Polytrema planum , 
and Amph iiifeginfi, Lithothanin ion . 

(163a) [729a]. Length 178 millims. Mottled whitish-grey, hard, partly compact, partly porous, with 
occasional small hollows. Core principally consisting of casts of corals either porous or solidly infilled 
with crystalline dolomite. PimUopora common, Mailrepora, Aiifrfpopora, and MonUpora (V). The corals 
overgrown by Polytrema planum and Lithothamnhn, AmphUffgina. Areas of fine detrital mud with 
numerous stellate spicules of IjppUtrlinum. 

(164a). Length 100 millims. Rock of similar character to the preceding. Porillojma, Miulrepora, 
Porites, Pol ytrema planum, and AmphUtfgina, LUhothamnion as nodules and encrusting layers. 

(165a) [730]. Length 107 millims. Whitish-grey, hard, partly compact, partly porous dolomite. 
Casts of Mojflrepora and Tnrlnnarui, encrusted by thick layers of Polytrema planum and Lithothamnwn. 
About half the core detnUil and foraminiferal. Amphisiegina, Alcyonarian spicules; echinid spines; 
Serpula, Casts of gastropods. 

(166a). Length 84 millims. Greyish, speckled, hard, compact, with porous areas. Core apparently 
altogether of foraminifera and fragmental material. Amplmtegina, LUhothamnion. 

(167a). Length 80 millims. Greyish, hard, in part porous, where corals are present. Madrepara cast, 
enclosed with thick layers of Polytrema planum, and some LUhothamnion, Foraminifera not distinguishable 
by lens. 

(168a). Length 74 millims. (xrey, speckled, hard, porous. With the exception of a small cast of 
PocUlopara, the core is detrital, with foraminifera, but only A mphistegina ca,n be distinguished. Alcyonarian 
spicules. Echinid spines. Lithothamniun. 

(169a, 170a, 171a). Total length 171 millims. Whitish-grey, hard, porous, and very cavernous. 
Casts of PorUhporUy Seriahprna, and Madrq)ora. The corals overgrown by Polytrema planum and 
LUhothamnion. A mphisttgina. Coarse detrital materials, the interspaces but partially infilled with crystalline 
dolomite. 

(172a, 173a). ToUil length 86 millims. Grey, hard, porous rock. Only alcyonarian spicules 
recognisable. 

(174a) [731]. Length 77 millims. Mottled grey and white, hard, compact to porous. Several exists of 
small corals ; Fungia, MadrejHyray and other perforates enclosed by Polytrema and LUhothimnion. Tejiularia 
rugosa^ Gypsina inhare^m, G. discus, A mphisttgina D'ssonii numerous, and Heterostegina. Alcyonarian spicules, 
echinid spines. Casts of gastropods. 
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Depth from Surface^ 810-815 feet; Distance Bored, 5 feet; Total length of Core 

Obtained, Z feet 6 inches) Numbers of Cores, 175a-186a. 

Cores cylindrical, greyish-white, often banded or speckled, hard, partly compact 
and dense, partly porous and cavernous dolomite. Corals are generally present, but 
now frequently replaced and infilled solid with crystalline dolomite, and their characters 
mostly obliterated. This applies more particularly to the perforate forms ; in the 
Astrsean corals the structures are often dissolved and not infilled with dolomite, but 
even under these conditions they can only approximately he detemiined. They 
are included in Astrwa, Goniastrcpa, Cycloseris, Madrepora, and Porites, The corals 
are, as usual, encrusted by layers of Polytrema and TAthothamnion, 

A considerable amount of fragmental detritus with foraminifera is present in the 
cores. The most abundantly represented are Orbitolites, Carpenteria, Amphistegina, 
and Heterostegina. Alcyonarian spicules, echinid spines, and in the finer sediment, 
stellates of Leptoclinum are present. Halimeda-joints, 

Details. 

(175a). Length 80 millims. Greyish-white, hard, mostly compact, with occasional cavities. Largely of 
a perforate coral, Madrepcia or Pwites, encnisted by Polytrema phnum and some Lithothamnion. Detrital 
materials, with Amphislegina and Hetnodegina, from the rest of the core. 

(176a, 177a). Length 72 millims. Greyish-white, hard, very cavernous. Faint indications of corals, 
replaced by dolomite. Core mainly detrital, with Amphi4egina and Heinostegina, Alcyonarian spicules. 

(178a). Length 173 millims., diameter 59 millims. Greyish-white, mottled, hard, mostly compact with 
occasional hollows. Casts of Madrepora and Mmtipara are fairly numerous, they are mostly infilled with 
crystalline dolomite, and encrusted by Polytrema and Lithothamnion, Cast of Goniastrcea (?). Amphktegina, 
Halimed^i. Cliona borings. 

(179a, 180a). Total length 140 millims. Mottled, whitish-grey, hard, porous in part. Cast of simple 
Astrasan coral, yoiuig form (1), and PmiteHy encrusted by Polytrema planum, Amphkt^na, 

(181 a). Length 122 millims. Greyish, banded white, hard, partly porous with elongate flattened 
hollows. Core mainly of corals casts. Goniadrcm (?) and AstrcFopora, Detrital material between the corals, 
with Orbitolites, Polytrema, and Amphv^tegma, Lithothamnion, 

(182a). Length 111 millims. In character similar to preceding. Core largely of casts of corals, 
Goniastrcea (?) as in the preceding core, and undulating layers of Montipwa infilled with the crystalline matrix 
and encrusted by Polytrema, Ch'hiioW^s, Amphistegina. 

(183a) [732, 733]. Length 82 millims. Mottled, greyish-white, hard, mostly compact, with some 
hollows. Cast of GoniastrcFa (?) replaced by dolomite, and Pmites, with its interspaces infilled with fine, 
opaque consolidated sediment. In this material there are numerous stellates of Leptoclinum, The 
foraminifera comprise Ophihalmidiu/m, Orbiiolites, Carpenteria, Cakarina, Gj/psina, Polytrema planum, 
Plarwrhdina, Amphistegina, Heterostegina, Alcyonarian spicules ; echinid spines. Halimedorjointa, 

(184a) [734]. Length 66 millims. Rock like preceding. Casts of Madrepora replaced by crystalline 
dolomite and the interspaces filled with fine, consolidated sediment. Gypsina, Amphistegina, Heterostegina, 
Alcyonarian spicules. Echinid spines. Halimeda. 

(185a) [735]. Length 98 millims. Mottled grey, hard, cavernous, where corals have been removed, 
elsewhere mostly compact. Casts of Cycloseris, and indications of other corals now replaced by dolomite. 
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The matrix is a fine-grained dolomite with numerous hollows which are lined by crystals with a light 
brownish exterior banding. OrbilolUe,% other foraminifera as in the preceding. 

(186a). Length 113 millims. Greyish-white, hard, generally compact, with a few cavities. Casts 
of an Astraean, Ma/lrepara, and Poritea, AiaphUtegimi. 

Depth from Surface, 815-822 feet; Distance Bored, 7 feet; Ihtal Length qf Cm^e 

Obtained, ^^ feet 5 inches ; Numbers of Cores, 187a-197a. 

Cores cyliudrical, whitish-grey, generally hard dolomitic rock, like the preceding. 

Mostly compact, with occasional cavities. In some of the lower cores, a change 

has taken place in the whitish portion of the rock, which has become much 

softer, whilst the brownish portion in contact with it retains its hardness. 

Casts of small Astra3an and perforate corals are scattered in the cores, but they are so 

dolomitised that they can hardly be recognised, and they are fewer in proportion to 

the foraminiferal and detrital contents of the core than in the preceding cores. 

Madrepora and Astrreopo^ra can be distinguished, and also a small specimen ot 

Millepora, Foraminifera are numerous, but beyond Polytrema and A inphistegina they 

can only Ije seen in microscopic sections. Casts of gastropods and lamellibranchs. 

Seipula. 

Details. 

(187a) [736]. Length 131 millims. Whitish-grey, mostly compact, hard, with occasional hollows. 
Casts of Jstritapara, replaced by dolomite, also a smal] MiUepora (shown in microscopic section). Greater 
part of core consists of detrital materials with foraminifera. OrbUolUes, Plunoikilina, Polytrema plunum, 
Arnphistef^iiia, Heterosff(/ina, Alcyonarian spicules ; echinid spines. Casts of gastropods. 

(188a). Length 180 millims. Mottled whitish-grey, hard, mostly compact with a few small cavities. 
Casts of small corals fairly numerous. Astnm, Madrepora, and others not determinable. The corals 
encrusted by Polytrenm and Lithvthamnion. Amphistegina, Casts of gastropods and lamellibranchs. Serpula, 

(189a). Length 200 millims. Whitish-grey, hard, mostly compact. A few small casts of Madrepora 
enclosed by Poh/trema planum. The greater part of core consists of fine detrital materials with foraminifera, 
scarcely any beyond Amp/tistefjina distinguishable with a lens. Echinid spines. Casts of gastropods. 

190a. Length 105 millims. Rock similar to preceding. Casts of Madrepora, Amphisiegina, Echinid 
spiqes. 

(191 a). Length 102 millims. Greyish- white, hard dolomite. Core broken up into several pieces. Casts 
of small corals, characters obliterated. 

(192a, 193a). Total length 240 millims. Whitish-grey, hard dolomite, fairly compact, with irregular 
hollows. Casts of undeterminable corals. Polytrema, AmphiskgiTva, Echinid spines, LitIu)(hamnion, 

(194a). Length 101 millims. Grey and white rock intermingled, the white softer and more porous. 
Mainly foraminiferal and detrital. Foraminifera numerous. A very rotund form of Amphisiegina occurs 
here and in some of the preceding cores. Large echinid spines, well preserved, some showing a 
brownish tint. 

(195a, 196a). Total length 181 millims. Like preceding, grey and white areas intermingled, some of 
the latter sufficiently soft to be scratched by nail. Contents of cores same as preceding. 

(197a) [737]. Length 84 millims. White and greyish areas as in preceding, the greyish, a hard crystalline 
dolomite replacing coral, the white portion consists mainly of the foraminiferal and fine detrital material, 
and is comparatively soft. Cast of perforate coral, not determinable, encrusted by Polytrema planum, 
Ohbigerina, Carpenteriu, PlanwhuliTia, P, miniaceum, and Ainphisteginu. Large, well preserved echinvd spines. 
Pores lined by rhombohedral crystals of dolomite. 
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Depth from Surface^ 822-833 feet; Distance Bored, 11 feet; Total Length of Core 

Obtained, 7 feet 11 inches; Numbers of Cores, 198a-215a. 

The cores in this portion of the boring are for the most part cylindrical, in one or 
two instances, however, the rock has broken up into fragments, now rounded by the 
di'ill. The cores are mainly of a whitish to cream-tinted or gi^eyish-white, porous, 
dolomitic limestone, for the greater part soft ; though it does not as a rule yield to the 
finger nail, it is readily scratched by a knife. Other portions are much harder, 
only scratched by a knife under pressure ; both hard and soft portions are found in the 
same piece of core. The pores and larger cavities are lined by deposits of dolomitic 
limestone, in very thin successive layers, which in section have the appearance of 
agate or stalactitic structure. There is also an efflorescence on the exterior and split 
surfaces of some of tliese cores which yet further obscures their characters. Corals 
are only occasionally present and then merely as indistinct casts or impressions of the' 
outer surface ; small examples of Pocillopora, Madrepoi^a, and Astrceopora are the 
only forms noticed. The rock, as seen in microscopic sections, consists principally 
of a fine sediment with foraminifera and minute fragments of organisms. The 
foraminlfera l)elong for the most part to Carpentema, Polytrema, which often forms 
nodules, Amphistegina, and Heterostegina, while Globigerina, Planorb%dina, and 
Calcarina are of less frequent occurrence. Carpenteria in these cores has the walls 
preserved and shows the minute structure favourably. The cores further contain 
large echinid spines, casts of lamellibranchs and gastropods, Halimeda and 
Lithothamnion, 

Details. 

(198a). Length 33 millims. Several rubbly pieces of greyish- white, hard dolomitic rock, in which only 
obscure casts of corals and AmpMdegina can be distingmshed. 

(199a). Length 110 millims. Cylindrical, whitish, soft and poroiis, efflorescent, with some hard grey 
areas where coral casts have been infilled with crystalline dolomite. Madrejma (?). Core mainly of detrital 
sediment with Carpenteria, numerous echinid spines, and small lamellibranchs and gastropods. 

(200a). Length 92 millims. Core similar to preceding. 

(201a). Length 71 millims. Whitish, hard, mostly compact. Cast of perforate coral filled in with 
dolomite. Core mainly of fine sediment-ary material with Pohjtrenia planum, Amplnstegina, and niunerous 
echinid spines, some retaining a pinkish tint and obtusely triangular in transverse section. 

202a. Length 308 millims. White to greyish-white, banded, porous, in part soft, in part hard. 
Kfflorettcence in places. Several irregular cavities in which corals were probably present, but only one, an 
impression of PocUlopora, could be distinguished. The core mainly of detrital materials with undulating 
layem of Pol^reum planum, Amphistegina, and Heterostegma, Echinid spines and casts of gastropods. 

(203a, 204a) [586]. Total length 163 millims. Whitish, chalky-looking, porous, dolomitic rock, in 
\Aiu:a$ sufficiently soft to be scratched by the finger nail, and with occasional cavities, which may originally 
haV0 contained corals, but there are no indications left. The core is principally of fine sediment, 
lAiUUiiuUig (Jld^J^fi^ii PlamorfmlifM, Carpenienia, Polytreitia planum, and Amphktegina, Echinid spines. 

(*J()ftA) [738]. Length 68 millims. Greyish-white, banded, hard, cavernous rock. In the central portion 
I if tliu ciii'd, cast of an upright branching Madrepara replaced by dolomite, with the coral interstices infilled 
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•with fine sediment. The coral overgrown by thick layers of Polyirema planum and thin alternating layers 
of Lithoihamnion, both showing minute structure in microscopic section. 

(206a). Length 195 millims. Mottled grey and white, hard, porous to compact. Several casts of 
corals filled up with dolomite ; only in one instance, a Madrepora, recognisable. Core mainly of detrital 
material, with foraminifera, of which only Amphisic.girui can be distinguished. Eohinid spines. 

(207a). Length 33 millims. Whitish, porous, with surface efflorescent. Cast of small Stijhphora (1), rest 
of core detrital, like preceding. 

(208a) [739]. Length 248 millims. Whitish, with grey bands and nodular areas, porous, moderately hard. 
Several indistinct casts of corals, perhaps Ma^hepora (?) ; the casts are overgrown by thick layers of Pohjirema 
planum and some Lithoiliamnian, Greater part of cores of sedimentary materials, with foraminifera and 
eohinid spines. 

(209a). Length 50 millims. Whitish-grey, mottled, hard, compact to porous. Cast of coral overgrown 
by Polyirema planum, 

(210a). Length 348 millims. Grey and whitish, speckled in places, hard and porous. Indistinct 
traces of coral in the grey harder portions of the core, which, as usual, are surrounded by layers of 
Polyirema, Only Ma*lrepara can bo distinguished. Core mainly of detrital materials, jimphistegina and 
eehinid spines can be made out with a lens. The nearly complete obliteration of the corals in these cores 
seems to be due to the agate-like secondary deposition of crystalline dolomite. 

(211a, 212a). Total length 128 millims. Whitish, soft to moderately hard, porous. Cast of Madrepora, 
Greater part of cores of fine fragmentary organic materials, with foraminifera, eehinid spines, and casts of 
lamellibranchs and gastropods. 

(213a) [740]. Length 228 millims. Whitish-grey, hard, mottled, compact to porous, dolomitic lime- 
stone. Casts of morals infilled with crystalline material, and overgrown by layers of Polytrema planum. 
The only coral distinguishable is Jsfneopora, Larger part of core of detrital materials with Carpenter ia and 
Amphisiegina ; the former with the wall structure preserved. Eehinid spines, Ualinmla, 

(214a, 215a). Total length 230 millims. Rock similar to preceding. Obscure traces of corals, 
surrounded by layers of Pohjtmna, Rest of core detrital. 



Depth from Surface, 833-844 /r('^; Distance Bored y II feet; Total Length of Coi^e 

Obtained, 10 feet 6 inches; Numbers of Coi*es, 216a-234a. 

Cores cylindrical, of a whitish to cream-tinted, hard (H = 4), mostly compact, fine- 
grained rock. The upper cores to 224a, at 838 feet, are similar to those preceding 
in being to a considerable extent dolomitic, but below this level the proportion of 
magnesian carlx^nate is considerably less, and the rock appears to be mainly of 
crystalline calcite. The organic constituents of the upper and lower cores are very 
much of the same character. Corals seem to form only a small part of the rock ; they 
are, aa before, nearly entirely obliterated by the infilling of dolomitic limestone. 
Only small forms of Sti/lophora, Astrcea, Orbicella (?), and another Astrsean coral, 
with Madrepora and Astrceopora, have been distinguished, and these are overgrown 
by Polytrema planum and Lithoth amnion. The larger part of the cores consist of 
foraminifera and fragmental materials, cemented by dolomite or calcite. Where this 
latter mineral in part replaces the dolomite at the level of about 838 feet, the 
foraminifera are better preserved, and more favourably shown in microscopic sections. 
The forms represented are given below ; the principal change is the reappearance of 
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Orbitolites in considerable numbers. Alcyonarian spicules and echinid spines are 
generally distributed. A few casts of gastropods. TAthothamnion and Halimeda. 

Details. 

(216a). Length 273 millims. Creiimy-white, hard, compact to porous, dolomitic limestone. With the 
exception of two brownish patches, where corals may have been originally, this solid core is composed of 
fine detrital material with foraminifera. Comparatively little can be distinguished with a lens ; the only 
forms recognised are Orhifolifes and Pohjirema plunum^ also echinid spines. 

(217a) [741 J. Length 175 millims. Whitish-grey, hard, mostly compact. A few indications of small 
corals, but the structure is nearly entirely obliterated, so that no determination is possible. Polytrema 
'planum, showing structure, surrounds the spaces where corals have been. Core almost entirely of detrital 
materials and foraminifera belonging to (rhhigenna, Carpcnteruty PoJi/trema miniar.enm and Amphvitegina, 
Alcyonarian spicules, echinid spines, fragments of IMhothammon, The materials cemented with crystalline 
dolomite. 

(218a, 219a). Total length 202 millims. Kock similar to preceding. A single cast of coral noted; the 
core of minute f ragmen tal materials and foraminifera. OrhUolites complanufu is the only form recognisable 
with a lens. 

(220a, 221a). Total length 285 millims. Cream- coloured, hard, minutely porous, with occasional 
cavities lined by crystalline dolomite. A few traces of small corals, one an Astraean. Orbitolites abundant, 
Amphvitegina, Large echinid spines. Casts of gastropods. 

(222a) [742]. Length 93 millims. Whitish, hard, compact, with porous areas, and with one or two 
cavities where corals have probably been dissolved out. The core appears to be partly dolomitic, partly of 
calcite. A microscopic section shows that the rock consists of fragmentary and entire foraminifera in fine 
detritid material. Oi'fntolitfs, Carpenteria, Calmrina, Gi/psina inJuereiut, Polgtrema iHiniarfmm, P. planum, 
Amplmtegina, and Hetnostegina. Alcyonarian spicules, echinid spines. Casts of gastropods. 

(223a). Length 54 millims. Rock similar to preceding. Casts of Stylophora and McuIrepoiUy encrusted 
by Pol Iff ir ma planum. Orbitolites. Echinid spines. 

(224a) [743]. Length 106 millims. Whitish, hard, mostly compact calcite, with some dolomite. One 
or two hollow's in which corals may have been. Mainly of foraminifera in fine detrital material, their 
structures well shown in microscopic section. The same forms as in Core 222a, with the addition of 
Spiroloculinn and Textuluriu. Alcyonarian spicules numerous, showing their normal fibrous structure, 
echinid spines. Casts of small gastropods. Small fragments of Lithothamnian ; other fragments, now 
crystalline, which may originally have been of corals. Halimeda (1). 

(225a) [587]. Length 212 millims. Whitish-grey, hard, minutely porous to compact, partly dolomitic 
limestone. One or two hollows. Indications of corals in places, but now replaced by crystalline matrix. 
Core nearly altogether foraminiferal, the same forms present as in 222a. Orbitolites and Cakarina are 
very numerous. Echinid spines. Lithothamnian, 

(226a) [744]. Length 151 millims., 57 millims. in diameter. Whitish-grey, hard rock, like preceding, 
with occasional cavities. Several small corals very indistinctly shown. An Astraean, Madrepwa, and 
Astrceapora (?). The same foraminifera as in 222a. Alcyonarian spicules numerous ; echinid spines. 
Numerous fragmentary foraminifera and other organisms. Lithothamnirm. Halimeda seldom. Banded 
stalactitic structure lining the cavities. 

227a. Length 260 millims. Whitish-grey, hard, compact to minutely porous. Traces of small corals 
enclosed by undulating layers of Litlwthainnum. Core mainly of foraminifera and fine detritus, like the 
preceding, but the only forms distinguishable with a lens are OrbitoWes and Awphu<tegina. Echinid spines. 

(228a). Length 286 millims. Whitish-grey, hard, compact to minutely porous, very uniform, dense 
rock. Closely similar in character to the preceding core. Very little to be distinguished with a 
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lens ; the rock almost entirely foramiiiiferal and detntal ; the pores are lined with the mammillary 
crystalline material. 

(229a) [745]. Length 149 millims. Greyish- white, hard, partly compact, partly poroiis, very ixniform, 
dense rock, similar to the preceding core. A microscopic section shows the same foraminifera 
and detrital materials cemented by calcite (?) as in the cores above. Orbitolife.^, Carpenki'ia, Calmnna, 
Gypsina^ Polytrema plamnn, Ampkistegiiui and Ueteroskgina, Alcyonarian spicules. Echinid spines. Litho- 
thamnion. 

(230a) [746]. Length 223 millims. Greyish-white, compact mostly, very uniform, dense rock, 
apparently a limestone, only in part dolomitic. Corals not recognised. Very little to be seen with 
a lens; a microscopic section from the lower half of the core shows numerous alcyonarian spicules 
in good preservation, mingled with Polytrenm minia<:^um, Amphistegiiia^ and Heleroiitegina. Echinid spines. 

(231a). Length 221 millims. Greyish, mostly compact, hard, dolomitic limestone. Obscure traces 
of corals, now replaced by the crystiUine mammillated deposit, a small OrhkdJa (?) and Madrepora. 
Hardly anything to be made out with a lens, the structures being replaced by crystalline material. 
Lithothamnian (?). 

(232a). Length 105 millims. Grey, with white patches, very hard, mostly compact rock, some 
small corals, for the most part replaced with solid crystalline dolomite. Aslnm (?), Mmhepora (?), 
also cast of Millepfna, which has not been replaced, and is better preserved than the ordinary corals. 
Foraminifera not recognisable with lens. Lifhotluinmu/n occurs as white patches. Cast of lamellibranch. 

(233a, 234a). Total length 245 millims. Greyish-white, mottled and speckled, compact to porous, 
dense. Indications of corals, now replaced by crystalline materials ; they appefir to have formed a 
considerable part of these cores. The coral areas enclosed by Lithothamnian. Very little to be seen 
beyond a few specimens of Orffifoliies, ylm])hl<te(fina^ alcyonarian spicules, and echiin'd spines. 

Depth from S^trface, 844-853 /J:'cf ; Distaiice Bored, Q feet ; Total Length of Cores 

OhtaivetK 7 feet 2 iriche.'^ ; N^(mhers of Cores, 235a-248a. 

Cores cylindrical, of grey, greyish-white, and whitish limestone, in part dolomitic. 

The rock hard, generally compact, hut in places porous and cavernous. For about 

2 feet in the upper part of this lx)ring the rock contains numerous casts of small 

corals, in the remaining 7 feet the rock consists principally of fine detrital material, 

with foraminifera, and only occasionally casts of small corals. The corals are very 

unfavourably preserved, the only forms recognised belong to Pocillopoi'a, AstrcBa, 

OrbweUa, and Madrepora, Alcyonarian spicules are plentiful, and generally 

distributed throughout the cores. The foraminifera include Orhitolitesy Carpentena^ 

Calcarina^ Gyi>siha. Polytrema, Amjdu'stegina, and Heterostegina, Halimedct and 

Lithothamnion, 

Details. 

(235a) [747]. Length 77 millims. Grey, hard, mostly compact, dolomitic limestone. Cast of an 
Astraean and of some perforate corals, now infilled with the crysttdliue matrix. Greater part of core 
of minute organic detritfil materials, with ChbitoUtes^ Carpentcriaj Calmrina, Gypsina inhcnens, Polytrema 
miniaceumy P. pilunuin, Amphvifeyina, and Hderosteyina, Numerous alcyonarian spicules, less favourably 
preserved than hitherto ; some are partially replaced by the crystalline matrix. Halimtda and LitJu)- 
tfiamnion. 

(236a). Length 138 millims. Grey, hard, minutely porous. In lower part of core cast of Madrepwa 
arntedu. Alcyonarian spicules very numerous. But little to be seen with lens. 

2 L 2 
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(237a) [748]. Length 28 millinis. Grey, hard, porous ; the pores and hollows lined with mammillated 
crystalline deposit. Cast of Asiro'a; the structure replaced by crystalline dolomite, and the inter- 
stices infilled with fine consolidated sediment. 

(238a). Length 250 millims. Greyish-white, hard, porous, with some cavities. Cast of Orhicella (t), 
occupying about one- third of the core, also of Madrepora and other corals. They are now replaced 
by crystalline material, and very indistinct. Pohjtrema planum^ Amphisf^gina (?). Lithofhamnion, 

(239a). Length 256 millims. Greyish-white, hard, minutely porous, and with some hollows. Mainly 
of casts of small corals; Astraan and branching Madrepora, Corals frequently enclosed by layers 
of Polytrema planum, Amphiskgina, Liihothamnion {X). 

(240a). Length 266 millims. Greyish- white, hard, minutely porous, and cavernous in places. 
In the upper part of the core there are many casts of small corals, but too indistinct for deter- 
mination. The lower part appears to l)e entirely of minute detritus, with foraniinifera. Pol f/frema planum , 
Amphistegina, Echinid spines. Small gastropods. lAthothamnion. 

(241a). Length 77 millims. Whitish, moderately hard, porous, rough, showing efflorescence. Mainly 
of detrital material and foraminifera, with casts of PmUopora and MonHpora (?). Amphisf^gina. 
Casts of small lamcUibranchs and gastropods. 

(242a). Length 317 millims. Cylindrical core, partly whitish, porous, rough to feel, efflorescent, 
and partly grey, smooth and hard, with hollows lined by crystalline deposit. Both kinds of the 
core principally of foraminiferal and minute detrital materials; the only organisms recognised with a 
lens are Amphisiegina^ echinid spines, and Hal imet fa-ioints, 

(243a). Length 93 millims. Mottled, greyish-white, hard, mostly compact, with occ<isional cavities. 
With the exception of two or three casts of small perforate corals, the core consists of foraminifera 
and consolidated organic detritus. Pohjtrema planum, Amphutegina, Echinid spines. Ilalimeda, 

(244a, 245a). Total length 146 millims. Whitish, speckled, hard, mostly compact, with a large 
longitudinal hollow, which appears to have been originally occupied by a perforate coral. The rest of 
the core similar to the preceding, of detrital material with great numbers of Amphistegina. 

(246a) [749]. Length 230 millims. Whitish, hard, partly compact, partly with minute pores. Very 
little can be distinguished under a lens, but a thin microscopic section shows that the rock is nearly 
altogether of a very fine organic detrital sediment, with some casts of small corals replaced by crystalline 
matei'ial, and with little more than the lx)ring8 of parasitic organisms infilled by the sediment now 
remaining. The foraminifera include Glohu/mnn, not common, Caipeninia (in fragments), and Amphidegina, 
Echinid spines. Jlalimeda. 

(247a, 248a). Length 286 millims. Greyish-white, hard, mostly compact dolomitic limestone. With 
the exception of a few obscure casts of corals, these cores are of consolidated detrital materials and 
foraminifera, similar to the preceding. 



Depth from Surface^ 858-866 feet; Distance .Boi*ed, 13 feet; Total Length of Cores 

Obtained, 10 feet 11 inches; Nnmhers of Cores, 249a-276a. 

Solid Cylindrical co)*es of whitish, greyish^white, generally hard, dolomitic limestone. 
The rock is, for the most part, dense and compact, but some portions are porous, 
rather softer than the compact grey portions, and occasionally eflflorescent. Some 
cores, moreover, are largely cavernous, the hollows are lined with crystalline material, 
showing in section the agate-like disposition of the layers already referred to. The 
greater part of these cores, to a level of about 864 feet (Core No. 269a), apparently 
consist of foraminifera in a fine detrital organic sediment now consolidated and 
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cemented by crystalline dolomite. There is hardly a trace of a coral to be seen on 
the slit surfaces of the cores, but there are good reasons for regarding the cavernous 
hollows as having originally been occupied by corals, and in addition to these, the 
cores contain portions of solid crystalline material, mostly without structure, which 
likewise were probably at first corals, which have now been altered and replaced 
by the secondary crystallisation. In microscopic sections the crystalline portions can 
be seen with traces of coral casts in them, and they are often surrounded by layers 
of Polytrema and Lithothamnion, which originally grew over the corals. In the 
lower cores, corals, belonging to Astrcea, are largely developed. 

Foraminifera are generally present ; the conmioner forms are Poli/trctna and 
Amphistegina, and they are pretty well the only ones recognisable with a lens ; in 
microscopic sections the following genera are also shown : — Orhitolites, Pencrojdisy 
Bolivina, Glohigerina, PlanorhuUna, Carpentcria^ Gypsina and Heterostegina. 
Echinid spines are numerous, alcyonarian spicules, and Leptoclinum stellates. 
lAth othamnion. 

Details. 

(249a). Length 90 raillims. Whitish-grey, mottled, hard, mostly compact. Trace of perforate coral. 
Nearly altogether detrital, with Pohjtrema, Amithvitrgina and echinid spines. 

('i50A) [750]. Length 223 millims. Whitish-grey, mottled, partly porous, partly compact ; occasional 
cavities. The core consists of consolidated organic sediment, with numerous foraminifera belonging to 
Pen/ropliSy Glohujenna^ PUmmbulinu, Carppnierin^ GfjpMna inh(erf'n.<y Pohjtrenm ndnkirpniv, I\ pUvnnm^ 
Amphi^e(finay and Hett^roHlefjirM, Echinid spines. 

(251a). Length 248 millims. Whitish-grey, hard, mostly compact, with occasional hollows. The 
greater part of detrital materials with AmphUte(fina, Alcyonarian spicules. Echinid spines. 

(252a-255a). Total length 352 millims. Cylindrical cores of whitish-grey, hard, generally compact, 
dolomite, with cavities lined with the crystalline deposit ; the same material also fills up areas in the 
cores where corals have ]>een present. Mostly of detrital sediment with foraminifera and echinid spines. 

(256a, 257a). Total length 270 millims. Cores of the same whitish-grey rock Jis the preceding, very 
cavernous in places, in section showing a large infilling of the banded agate-like crystalline deposit. 
Only echinid spines to be seen with a lens. 

(258a) [751]. Length 97 millims. Whitish, hard, compact to porous, with some cavities. Traces of 
coral. Core nearly altogether of fine organic sediment, but becoming crystalline. The foraminifera shown 
in a microscopic section Ijelong to OrhUoWes, Olobigeriruiy Planwbulina, Carpenienu, and Pohjtrema planvm, 
Alcyonarian spicules and echinid spines. Casts of LtptocUnum stellates. 

(259a). Length 90 millims. Grey and white areas, the latter porous and not so hard iis the grey 
portions. Only echinid spines recognisable under a lens. 

(260a). Length 160 millims. About half the core greyish, hard, crystalline, with cast of perforate 
coral, (?) Asfrceopara, the other part of the core whitish, efflorescent, porous, apparently of detrital sediment 
with echinid spines. 

(261a). Length 128 millims. Principally whitish, speckled, moderately hard, porous dolomite, 
efflorescent ; in the lower portion greyish, crystalline, with traces of perforate coral. The white part of 
the core of detrital materials, with echinid spines and costs of small gastropods. LUJkothumnion. 

(262a). Length 104 millims. Core of grey and white portions irregularly intermingled; large hollow 
lined by crystalline deposit. Casts of small perforate corals* Echinid spines numerous. Orbiiolitfs. 

(263a). Length 86 millims. Greyish* white, hard, with numerous small hollows from which organisms 
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have been removed. Echinid spines very numerous. Core mainly of detrital materials, with some grey 
crystalline areas where corals have been replaced. 

(264a, 265a). Total length 304 millims. Cores whitish-grey,' with whitish porous areas, hard. Large 
hollows, lined by crystalline deposit. Rock of detrital materials; the only forms recognisable with a lens 
are echinid spines. 

(266a). Length 110 millims. Greyish-white, banded, compact, with a few cavities. Greater part of 
the core consists now of the secondary crystalline dolomite, showing in section the agate-like layers ; this 
has probably replaced corals, of which there are some obscure traces. Only echinid spines to be seen 
with a lens. 

(267a) [588]. Length 101 millims. Whitish-grey, hard, generally compact. Now largely crystalline, 
with some foraminifera and echinid spines. Bolirina, Carpenieria, and Ileinostegimi. 

i'268a) [752]. Length 204 millims. Whitish-grey, mottled, hard, compact, with a few small hollows. 
Casts of corals seen in thin section under the microscope, encrusted by layers of Polf/hrma planvm and 
Lithoihamnum. (rf/psina and PoJ}itr<*in(i miniar^um, Echinid spines. 

(269a, 270a) [753]. ToUl length 205 millims. \\Tiitish-grey, hard, with small cavities. More than 
half the core consists of a cast of a coral, partly replaced by dolomite ; it appears to belong to Jshfra. Other 
corals were originally present, judging from the areas now infilled with crystalline material. 

(271a) [754]. Length 97 millims. Greyish, hard, partly compact, with large hollows. Core mainly of 
coral casts of the same Astr«an as in the preceding. Echinid spines, somewhat triangular in section. 

(272a-276a). Total length 343 millims. Greyish- white, hard, with large hollows. Rock mainly of 
the secondary crystalline dolomite with agate-like bands in section which has replaced corals. The only 
organisms to be recognised with a lens are echinid spines and encrusting layers of LifJiofhamnion. 

Depth from Sitvface, 866-874 feet; Distance Bored, 8 feet; Total Length of Core 

Obtained, 5 feet 4 inches; Niimhers of Cores, 277a-296a. 

Cores cylindrical, of greyish and greyish -white, hard, dolomitic rock, partly compact, 
partly porous, oftentimes with large irregular cavities lined with the crystalline 
deposit. In the upper cores the rock mainly consists of this secondary dolomitic 
material, w^hich has apparently replaced corals and other organisms so that hardly 
any are distinguishable under a lens. In the cores from 283a (about 870 feet) 
downwards, coral casts constitute the larger part of the rock ; they are often indistinct, 
the structure having been replaced by dolomite, whilst the interstices are filled in with 
fine consolidated organic sediment. The corals belong to Pocillopora, Ast7*aa, Goni- 
astrcea. Fungi a {^) Madrejwra, including M. canted a, and Pontes, Foraminifera ai'e 
less prominent, they include Orhitolites, Glohigerina, Carpenteria, Calcarina, Gypsina^ 
Polytrema, Amphistegina, and Ileterostegina, Detached alcyonarian spicules and 
pieces of Lohophytiim occur. Echinid spines, Serpnla, together with Lithodomns 
(lx>ring into corals), Halimeda and Lithothamnion , 

Details. 

(277a, 278a). Totnl length 192 millims. Greyish, hard, dolomitic rock, with large hollows, lined with 
crystalline material, showing in section banded agate-like layers. Probably the cores were originally of 
corals, but only faint indications of an Astraean coral are now distinguishable. 

(279a, 280a). Total length 186 millims. Kock of the same character as the preceding but less cavernous. 
Only imperfect casts of an Astraean coral with Amphkiegina and echinid spines can now be recognised. 
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(^81 a) [755]. Length 116 millims. Whitish-grey, hard, cavernous core, of dolomite similar to preceding. 
Imperfect cast of an Astraian and cast of PorUea arenosa (?) Esper, overgrown by Pol yfrenm planum. Inter- 
spaces between the corals filled with detrital materials containing AmpJmiegiiiay echinid spines, and 
alcyonarian spicules in good preservation. 

(282a, 283a) [756]. Total length 104 millims. Greyish- white, banded, hard, cavernous, dolomite. 
Casts of Astma, replaced by crysUiUine material, also of Furnjia (?). Corals overgrown by Polytreuw planning 
and occasionally perforated by Litht)flinnns. Corals apparently form the larger part of the cores; the 
interspaces between are filled with organic detrital materials containing Glohitjerina^ Colmrina^ Giqmna, and 
Amphistegina^ also w^ith alcyonarian spicules. 

(284a-286a). Total length 181 millims. Greyish-white, hard, compact to porous, cavernous. Casts of 
the same Astrmi as in the preceding, also of Poritc^ arcnimi, Polf/frema planum and AmphUfeglnn. Serpnla, 
Haliumh^] oi n t s. 

(287a) [757]. Length 72 millims. (Jreyish-white, hard, for the most part compfict. Casts of small 
corals replaced by crystalline dolomite ; the only form recognisable is Puritrs. Alcyonarian spicules. 
OrhitoliteSf Carpenfrria^ (rifpsina dUrus, Pohitn-ma planum^ and ^impJiiAlegina. Noilular Lithothamnmi. 

(288a) [758]. Length 97 millims. Core similar to preceding. Casts of Madrepora coniecfa and Porites 
arenosa. Core mainly of corals, now replaced by crystalline dolomite, and the interspaces \\ith fine organic 
detritus ; they are encrusted by PoJjitrcma planum, Alcyonarian spicules. Carpenkria, Calcarinu, Gypsina 
ifUutrenHy A mph istegina . 

(289a-291a) [759]. Total length 156 millims. Greyish-white, hard, dolomitic limestone, with occasional 
hollows^ in one instance (291a) about one-fourth the core is hollow. Faintly shown casts of Astraean corals 
and Porifes. Portion of stem of Lohophi/tum. The spicules in the stem are without any definite orientation, 
they range to 2*5 millims. in length ]>y 0*54: millim. in thickness, their structure is well shown in 
a microscopic section. The stem is partly overgrown by Pol ytre ma planum. OrhihlUe,<y Carpenieria, and 
Amphiategina. 

(292a, 293a). Total length 159 millims. The rock is of the same character as the preceding. Casts 
of Pontes and of other perforate corals too imperfect for recognition. Polgtremu, Amphisiegina. Echinid 
spines. Nodular pieces of LUhotluimnion. 

(294a, 295a). Total length 174 millims. Whitish-grey, with some spots of softer rock in the 
lower part of 295a. Po^'illoponiy Astrwa^ Gonuuifneay Madrepma, and other small perforate corals 
partly filled by matrix, piirtly as porous casts. Alcyonarian spicules. Detrital materials, with (JrhitoliteSy 
Gypsina, Polgtremay and AmphUiegina. Ilalimetla, Lithothammon, 

(296a). Length 155 millims. Biinded grey and white, hard, compact, but with porous spaces. 
The grey bands of crystaUine dolomite consist of Pontes^ apparently in position of growth; the 
intermediate bands are partly of layers of Polytrema planum j partly of consolidated detrital materials, 
with Orhitoliks and Amphisteginu. Casts of gastropods. 



Depth from Surface, 874-88 l/ec^ ; Distance Bored, 7 feet; Total Length of Core 

Obtained, (5 feet 2 inches ; Xtc7nhe7\s of Cores, 297a-310a. 

Cores cylindrical, of whitish to whitish-grey, hard, dolomitic limestone, partly 
compact, partly porous, with small hollows, but, as a rule, not cavernous. The cores 
are largely composed of corals, apparently in position of growth ; the coral structures 
mostly replaced by crystalline dolomite, and the intei*spaces either crystalline or 
of detrital sediment ; they are better preserved than in the cores above. The geiu^ra 
recognised are Pocillapora^ Astrcta, Goniastrcea, Cceloria, Madrepo^^a, Turhinaria (?) 
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AstrcBopora, Porites very common. Lohophytum and detached alcyonarian spicules 
are present. The corals are largely overgrown by Polytrema plamim and Lithothamnion. 
Fine detrital sediment with Orhitolites, very abundant ; Plano7*huIina, Carpenteria, 
Gypsina, Nonioninay and Amphistegina. Echinid spines and casts of gastropods fill 
the spaces between the corals. Infilled borings of Cliona, 

DETAIIiS. 

(297a, 298a). Total length 160 millima. Greyish and spotted grey and white, hard, porous rock, 
with some small hollows. Casts of small corals, not determinable, encrusted by nodular growths of 
Polytrema planum^ Chhitoliies common, AmphUtegina, Echinid spines. Casts of gastropods. lAthO' 
ihamnion. 

(299a). Length 71 millims. Core similar in character to the preceding. Largely of coral oasts. 
Pocillopora and Porites ar&nosa. Orbitolites and Amphistegina. Large echinid spines. 

(300a). Length 211 millims. Grey and white areas, hard, with small hollows. Mainly of corals, 
replaced by crystalline dolomite, apparently in position of growth. Pocillopora, Asfrcea (]), Cosloria, Porites 
arenom. ChhitoliteSy Polytrema planum, Lithothamnion, . 

(301a). Total length 356 millims. Greyish-white, hard, compact generally, with small hollows 
and occasional cavities, where corals have been removed. Corals numerous ; Pocillopora, Astrcea, 
Madrepora, and Porites, Lohophytum, Orbitolites, Amphi^te^jfina, Lithothamnion abundant. Casts of 
gastropods. 

(302a). Length 102 millims. Core similar to preceding. Casts of Cieloria, the same as in 300a, 
Madrepora, and Pmites. Foramii>ifera, as in the preceding. 

(303a). Length 158 millims. Greyish-white, hard, porous, with small hollows, partly occupied 
by casts of corals. Core mainly of corals, belonging to PociUopora, Adraa, Fungia (?), Madr^pora, 
and Porites, The areas between the corals are filled with fine detrital materials and foraminifera. 
Oi'lritolites, Calcarinaj and Amphistegina, LifiUed borings of Cliona, Lithothamnion. 

(304a). Length 167 millims. Mottled greyish- white, hard, for the most part compact, but in 
some coral areas porous. Largely of corals, apparently in position of growth. Calmia, Madrepara^ 
Porites, AstrcBopora. Some of the corals encrusted by Polytrema planum. Orbitolites (numerous), Gypsina^ 
and Amphistegina, Nodular Lithothamnion, 

(305a) Length 80 millims. Rock similar to preceding. Mainly of corals ; Cahria and Goniastrasa (1). 
Polytrema encrusting corals, Orbitolites and Amphistegina. 

(306a) [760]. Length 57 millims. Greyish, hard, dolomitic rock, with some white portions soft, 
so as to be scratched with finger nail. Traces of perforate corals replaced by crystalline dolomite. 
Much opaque detrital material, containing Orbitolites, Carpeuteria, Planorbidina, Polytrema planum, Nonianina^ 
and Amphistegina, Nodular Lithothamnion. 

(307a) [761]. Length 104 millims. Mottled greyish-white, hard, partly porous, partly compact, 
with small hollows. Casts of Astrcea (?), Pontes, and Turbinarki. Alcyonarian spicules. Orbitolites^ 
Polytrema, Amphistegina. Casts of gastropods. Echinid spines. Branching and fragmentary Litho- 
thamnion. 

(308a). Length 74 millims. Rock similar to preceding. Casts of Astnm {Vj and of small perforate 
corals, nearly obliterated. Orbitolites, Calcarina, and Amphistegina, Casts of gastropods. 

(309a) [762, 763]. Length 210 millims. Whitish, with some grey spots, hard, mostly compact. 
Casts of Madrepora, Astrceopora, and small perforate corals. Alcyonaiian spicules. Fine consolidated 
detrital materials, with Orbitolites, Textutaria, Planorbnlina, Carpenteria, Calcarina, Gypsinu, Polytrema 
planum, growing in thick layers, Amphistegina, and Ileteiostcgina. Nodular Lithothamnion, Large echinid 
spines. 
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(310a)]. Length 110 millims. Rock similar to preceding. Cast of Astrsean coral, A/a(fr<rpcra, and 
small perforate corals. Core mainly of detrital materials, with foraminifera. Pohjtrema planum 
very abundant. Orbitolitesy AmphiMegina. Echinid spines. Gastropods. 



Depth from Surface, 88 1-890 /c^^; Distance Bored, 9 feet; Total Length of Core 

Obtained, 7 feet 11 iyiclies ; Numbers of Cores, 311a-325a. 

Cores cylindrical, of mottled grey and white, hard, dolomitic limestone, in part 

porous, in part compact, with occasional hollows where corals have been dissolved out. 

In some of the cores the banded crystalline dolomite lines the cavities and replaces 

the corals. The cores are mainly of corals, as poorly preserved casts, some evidently 

in position of growth. The following genera have been recognised : PociUoj>ora, 

Seriatopora, Coeloria, Astrcva, Goniastrcfa, Fungia (?), Cyclosens, Madrepora, and 

Porites. MiUepora, Loboj>hytum, and detached alcyonarian spicules also occur. 

With the exception of Codoria and Porites arenosa^ most of the corals are small 

forms. The areas between the corals are occupied with fine detrital materials and 

numerous foraminifera belonging to Orbitolites, common, Planorbulina, Carpenteria^ 

Ccdcarina, Gypsina, Pohjtrema, Nonionina, Amphistegina, and Ileterostegina. 

Echinid spines, stellate spicules of Leptoclinum as casta Serjnda. Borings of Cliona, 

Liihothamnion. 

Details. 

(311a) [764]. Length 338 millims. Whitish-grey, generally hard, but with white, softer areas, 
compact to porous, with small hollows. Mfiinly of coral casts, Seriaiopora, Astrcea, Madrepora, and other 
small perforate corals, frequently overgrown by Polyirema planum. The foraminifera belong to OrbitolUes, 
Calearina, .ind Amphistegina. Alcyonarian spicules, Cliona borings. Serpula. Casts of gastropods. 
Liihothamnion. 

(312a) [765-768]. Length 427 millims. Greyish-white, hard, partly compact, partly porous, with some 
hollows where gastropods and corals have been removed. Banded crystalline dolomite has infilled and 
replaced many of the corals. Ccelaria, Astrcea, Madrepora, and small perforate corals. MiUepora, 
Lahophytum, and detached alcyonarian spicules. Foraminifera, as in the preceding, with the addition of 
Gypsina and Heterosiegina. Casts of gastropods. Lithothamnion, 

(313a). Length 125 millims. Greyish- white, hard, compact to porous, with hollows lined by crystalline 
dolomite. Madrepora (?), Porites arenosa, Orhifolites, Serpmla, Lifhothamnion» 

(314a, 315a) [769, 770]. Total length 138 millims. Greyish-white, hard, porous. The cores consist 
mainly of a cast of Porites arenosa, apparently in position of growth. Also Madrepora (?) and. other small 
corals indistinctly shown. Orbitolites (abundant), Carpenteria, Gypsina globulus, Polytrema planum, and 
Amphistegina. Small gastropods. 

(316a, 317a). Total length 178 millims. Greyish-white, hard, partly porous, partly compact, with 
occasional hollows. Numerous casts of corals ; Pocillopora, Cceloriu, Fungia (?), Madrepora and Porites arenosa, 
Orbitolites, Carpenteria, Polytrema. Cliona borings. Lithothamnion in small nodules. Professor David 
considers this to be "essentially coral reef rock." 

(318a). Length 102 millims. Greyish-white, hard, porous where coral casts occur. About half the 
core of casts of Astrcea (1), in position of growth. Madrepora. Orbitolites, Polytrema planum, Amphistegina. 
Lithothamnion. Casts of gastropods. 

(319a) [590]. Length 266 millims. Whitish, with grey areas, which are mostly crystalline and 

2 M 



266 DR. G. J. HINDE. 

compact, whilst the whitish are porous. Some hollows, in part containing the solid casts of Cliona and 
other parasitic borings in corals, the structure of which has been dissolved away. Core mainly of corals ; 
Pocillopora, Gonia.4r(ea, Mculrepora, and Porif^s arenosa. Corals frequently overgrown with Polytrema 
planum. Oi'UtoJiieHy Carpenferiay Gj/psinu, Nanianinay Ainj^lmtegina, Casts of gastropods and lamellibranchs. 
Branching and nodular LUhothamnmi. 

(320a). Length 88 millims. Rock like preceding. Mainly of coral casts; Mailrepara and ParUea. 
Foraminifera, as in the core above. Echinid spines. 

(321a) [591, 592, 771]. Length 183 millims. Greyish- white, hard, except in some white patches where 
the rock is partly decayed, generally porous. Mainly of casts of corals ; these are sometimes porous and 
hollow, sometimes filled up with crystalline dolomite. PmUoinrra, Cceloria (?), Cf/doseriit, Madrepora and 
Pontes arenma. Fine detrital sediment, with numerous OrhUoJitf.^ and other foraminifera, as in 319a, with 
the addition of PJanorhnlinn, Calrarina, and Heterodcrtina, which have replaced Gujmna and Xonvmina. 
Lithothaiiinum. 

(322a, 323a). Total length 231 millims. Rock similar to preceding. Casts of branching Pocillopma^ 
G(muistr(Ta (1), and other corals not determinable. Corals in part replaced by crystalline dolomite ; some 
are hollow, and enclosed by thick layers of Polj/ireina planum, OrhiMitea^ AmphUfegina. Cast« of 
gastropods. Fragments of Lithothamnion. 

(324a, 325a). Total length 197 millims. Grey and white rock, hard, compact to porous, with large 
hollows. Only faint casts of corals. The white portions of the core mainly detrital, with (hinfo/ifes, 
Polf/frfmaj and A mphiMegina, Fragments of Lithofhamnion. 

Depth from Surface, 890-899 feet ; Distance Bared, 9 feet; Total Length of Care 

Obtained, 8 feet 5 inches ; Numbers of Cores, 326a-340a. 

Solid cylindrical cores of whitish-grey, grey, occasionally mottled, and banded 

dolomitic limestone. The rock is hard, partly porous, partly compact, and with some 

hollows where corals and gastropods have been dissolved away. The banded 

crystalline dolomite lines some of the cavities, and it solidly replaces many of the 

corals. Corals are generally distributed in these cores ; in some they form the larger 

part of the rock, in others the larger proportion consists of foraminifera and fragmental 

materials. The corals are in very poor preservation, and in most only faint traces 

are discernible. They belong to Pocillo})oi'a, Cceloria, Astrcea, Madrepora, Parites^ 

and AstrcBopora, Pontes is very abundant in some cores. Detached spicules of 

alcyonarians and one large specimen of Lobaphytuni are present. Polytrema planum 

and Lithothamnion are strongly represented. Orbitolites, Textidaina, Calcarina, 

Gypsina, Amphistegina, and Heterostegina are present in the consolidated detrital 

materials, together with echinid spines, polyzoa, casts of gastropods, and stellates of 

Leptoclinum, Infilled borings of Cliona and other organisms retain their position in 

the hollows from which the corals have been removed. Professor David considers 

that these cores are essentially a coral reef rock, such as would probably have formed 

in shallow water. 

Details. 

(326a). Length 116 millims. Greyish-white, hard, compact to porous, with occasional cavities. 
Principally of small corals, now replaced by crystalline dolomite. Cceloria, Madrepora, and others not 
determinable. Orbitolitea, polyzoou. Fragments of Lithofhamnion. Borings of Cliona, 
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(327a). Length 118 millims. Greyish- white, hard, cavernous, with much crystalline dolomite replacing 
'orals. ForiUapora, Aaircra (?), Pai'itf*.^. Polt/fmna planum. Casts of gastropods. LUhothamnwn, 

(328a). Length 331 millims. Greyish-whit^, hard, in upper part with numerous small pores where 
alcyonarian spicules and organic fragments have been removed, in the lower more compact. Occasional 
hollows, lined by crystalline dolomite. Casts of PoriUopora, Ma<Irepo7'a, Porife,^, and J.^trcvopimi; these 
corals, for the most part, are encrusted with thick layers of Pohftrfiiui phnum. Echinid spines, casts of 
gastropods, and fragments of Lithoihautnion. « 

(329a) [772, 773]. Length 202 millims. Greyish-white, ' hard, for the most part compact, with 
occasional hollows. Casts of Madrepora, Poritt^s^ and other small corals which aie not determinable. The 
corals are encrusted vith Polt/frema planum and Lithothamnian^ branching and nodular forms of this genus 
are also common, and well preserved. In the lower part of this core, and continued into the next, is a mass 
of Lof)Ophi/tum, 173 millims. in length, and wider than the core itself (58 millims.). It is overgrown by 
PoJytrema, In the consolidated detritus, now cemented by crystalline dolomite, there are Orhiiolife.i, 
Tejctularia., Calrarinn, .linjfhish'ffina, Jlfffrosff^tjina, echinid spines, deUiched alcyonarian spicules, Ijeptodinnm- 
8t€llat<is, and casts of gastropods. 

(330a). Length 426 millims. Mottled and banded, greyish-white, hard, mostly compact, dolomite. In 
upper part a portion of the Lf/mplit/fum mentioned above ; the rest of the core consists of a mass of 
Polf/frfum, branching and encrusting Ijithoihamniariy and Madrtpora^ with other small perforate corals 
intergrown together. OrhiioUtea, Carpnitrriu^ and Aniphiateginu. 

(331 a). Length 238 millims. Kock similar to preceding. The core almost wholly consists of perforate 
corals, replaced by dolomite, and LithotJiamnkm. Madrepora conteda and Pontes. Some areas of detrital 
materials between the corals, with OrbifoUf^'s, Polt/freina, and A)nphUt*'(jinn, alcyonarian spicules, and casts 
of gastropods. 

(332a, 333a). Totiil length 230 millims. Whitish-grey, speckled, hard, mostly compact, with some 
small hollows. Differs from the preceding in the larger proportion of detrital materials and Litho- 
tliamnwn in comparison with the corals. Only M(idrei)ora recognised. Oihitolitcn, Poh/tirnuij Aiiiphhitegina, 
Gastropod casts. 

(334a, 335a). Total length 225 millims. Greyish-white, hard, cavernous in places. Similar to the 
preceding, but with the corals somewhat more numerous. Madrepora^ Porifes, and piece of Loljophf/iunL 
Corals replaced by crystalline dolomite and overgrown by Pohjtrema plnnum and Lithothamnion. Branching 
and nodular forms of this genus abimdant. Amplmtegina, Gastropod casts. 

(336a, 337a) [774]. Total length 206 millims. Banded, whitish-grey, Lird, mostly compact, with occasional 
hollows. Casts of Poriffs and other small perforate corals, overgrown with thick undulating layers 
of Lithoihamimn. Corals very indistinct, largely replaced by crystalline dolomite. Consolidated 
fragmental materials with (}rhifolifr.<, TcdKlana, Calrarinn, Gypsina inharena^ (i. diacu.^ Poh/hrma tniniaceittn, 
P, planum, Amphidctjina and Jlrfrrosfft/ina ; also alcyonarian spicules, echinid spines, and branching 
JJthothamnian. 

(338a, 339a). Total length 192 millims. Whitish-grey and grey, hard, mostly compact rock, with 
occasional cavities. The first of these cores conUiins casts of PodUopora and Panff^i (?) with encrusting and 
branching LUhotJuimnhn an<l some Pohjtrrma and other foraminifera. The second core is nearly altogether 
a solid mass of Ponffs airnoaa (1) replaced by crystalline dolomite. 

(340a). Length 215 millims. Greyish-white, hard, compact to porous. About two-thirds of this core 
is a continuation of the same example of Ponfes as the core above, which is thus 270 millims. in length 
and of a greater thickness than the diameter of the core (58 millims.). The remainder of the core 
consists of fragmental detritus with Polt/hrtna, .Implndeijina and Lithothamniony cemented by dolomite. 
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Depth from Surface, 899-910 feet ; Distance Bored, 11 feet; Total Length of Core 

Obtained, II feet; Numbers of Cores, 341a-353a. 

This 1 1 feet of the boring is represented by an equal length of solid cylindrical 
cores, some of which are more than 2 feet in length, and have had to be cut into 
shorter lengths for convefiience of study. The rock is whitish to whitish-grey, 
occasionally mottled and speckled, hard, dolomitic limestone, for the most part 
compact, but with porous areas and occasional hollows. It is composed, to a con- 
siderable extent, of corals with intermediate portions of fragmental debris of organisms, 
with foraminifera and I/ithothamnion, Some of the cores are almost entirely of 
corals, whilst in others the fragmental materials, cemented by crystalline dolomite, 
predominate. The corals are poorly preserved, for the most part replaced by dolomite, 
and with the interspaces of the same material or of fine consolidated sediment, or they 
have been dissolved away leaving hollows. They belong to Astrcea, GoniastrcBa^ 
Galaxea, Prionastrcea, Madrej)ora, AstrcBopora, Porltes and Montipora. Of the 
alcyonaria, detached spicules and Lobophytum are present. Porltes is very common, 
and occurs in somewhat large masses. The foraminifera belong to Orbitolites, very 
common, Calcarina, Gypsina, Polytrema, Ampliistegina and Ileterostegina, Echinid 
spines, Serpida, casts of gastropods and lamellibrauchs. Lithothamnion, both 
encrusting and branching, is very plentiful. Infilled borings of Cliona. Professor 
David considers that the corals in these cores are chiefly in sitn, and that the rock has 

the character of a coral reef 

Details. 

(341a). Length 120 millims. Greyish-white, mottled and speckled, hard, mostly compact. About half 
the core of Pontes aremsa, solidly replaced by crystalline dolomite, and Montipora, encrusted by Litho- 
thnmnion and Polytrema planum ; the other part of finely fragmental material, with Amplmtegina, branching 
Lithothamnion, &c. 

(342a-344a) [775]. Total length 196 millims. Greyish- white, hard, mostly compact, with small 
hollows. About half the cores of a small form of Astrcea and traces of perforate corals, the remaining 
portion detrital with Orbitolites, Calcarina, Gypsina inhwrem, G, resicularis, var. di^sais, Polytrema planum, 
Amphuitegina and Iletei'ostegina. Alcyonarian spicules, partly as hollow casts ; encrusting and branching 
Lithothamnion, 

(345a) [776]. Length 384 millims. Greyish to greyish-white, partly mottled and speckled, mainly 
compact, with occasional hollows. From one-half to two-thirds of the core consists of casts of corals, 
mostly replaced by crystalline dolomite ; they belong to Astrwa (the same form as in the preceding), 
G(miastra:a (?) Madrepora co-nteda, Poriies arenosa and Moniipora (1), Also Lobophytum and detached alcyonarian 
spicules. In the fragmental part of the cores, Orbitolites, Textularia, Calcarina, Gypsina inhcprens, Polytrema 
miniaceum, P, planum, Amphistegina and Heterostegina, Encrusting and branching Lithothamnion, Serpula, 
Casts of gastropods. 

(346a). Length 808 millims. The core has been cut transversely into six pieces, which are numbered 
1-6. Whitish to whitish-grey, occ<asionally mottled, dolomite, hard, mostly compact, with some occasional 
hollows. The higher two-thirds of the rock, or about 530 millims., mainly consist of consolidated 
detrital materials with foraminifera and encrusting and branching Lithothamni&n, together with some 
obscure perforate corals of small size. The lower part of the core contains casts of Astraa, Prionastraa, 
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Pcriles and Astrceopara (f) with a considerable admixture of detrital material as well. The foraminifera, 
recognised with a lens, belong to OrhitolikSf Pohjtrema^ Amphisfef/ma, and Heterost^^ina, Casts of 
lamellibranchs. 

(347a). Length 318 milliras. Whitish-grey, hard, partly porous, partly compact rock, with small 
hollows. About one-third of the core consists of corals belonging to Galaxeay cf. G, I/amarrkif* Edwards 
and Haime, and Poriff.^ atrnosa, partly enclosed by Polyireina planum. The greater portion of the core 
of minute fragniental' deh/i^, with OrlntoUteSf Varpentma and Amphisfifjimi. Casts of lamellibranchs. 
LUhotliamnion abundant. 

(348a, 349a). Total length 263 millims. Whitish-grey to grey, partly compact, partly porous, with 
occasional hollows. Mainly of coral casts solidly Toplaced by crystalline dolomite and overgrown by 
Poliftrenia and Lithothaninion. With the exception of an example of Pocilhpom and one of Mivhepora^ the 
corals belong to Pontes artnom. In the detrital materials alcyonarian spicules and OrbifoUtcii, A group of 
infilled borings of Cliona. 

(350a). Total length 481 millims. The cylindrical core is divided into four pieces. Greyish to greyish- 
white similar to the preceding. About two-thirds of the core consist of corals, Madrqfara and Porites arenosa ; 
of the latter one specimen apparently in position of growth is about 180 millims. in length and wider than 
the core (57 millims.) ; it is now solidly infilled with crystalline dolomite. Also a specimen of Lohophytum^ 
90 millims. long and in one part exceeding the core in width. In the detrital portion of the core Orhitolite.^^ 
Polytrema, and Amphuifgina, Lithothaninion^ both encrusting and branching. Casts of lamellibranchs, 
Cliona borings. 

(351a). Length 143 millims. Greyish, spotted white in places, hard, mostly compact. The lower half 
of the core consists of Pontes arenosa (?), the upper of detrital fragments, containing numerous branching 
pieces and encrusting layers of Lithothamnvm with some Orbitolites and Pohjtrema, 

(352a) [777]. Length 611 millims. The core is divided into four pieces. Greyish, with white areas, 
hard, for the most part compact, with only occasional small hollows. In the upper part of the core, casts, 
now infilled with dolomite, of Adnra (the same as in core 270a, 863 feet), Mailreparaj and Pontes, The 
spaces between the corals and the lower third of the core consist of detrital fragments with alcyonarian 
spicules, OrhitoliieSf Polijtrenm miniaceiun, P, planum^ UeteroHteginny echinid spines, Leptoclinum stellates, and 
Lithaihamnion, firmly cemented together by crystalline dolomite. 

(353a). Length 109 millims. Greyish, hard, mostly compact, with small cavities. In lower part of 
core a specimen of Galaxea similar to that in core No. 347a. Core mainly of minute detrital materials 
with some obscure corals. Alcyonarian spicules, Poli/treiua planum, and Lithothamnian, 



Depth from Surface, 910-922 feet; Distance Bored, 12 feet; lotal Length of Core 

Obtained, 11 feet 4 inches; Numbers of Cores, 354a-37Ga. 

Solid cylindrical cores of grey, mottled with white, hard, mostly compact, dolomitic 
limestone in the upper half of the boring, whilst the same kind of rock in the lower 
half is whitish or cream- tinted, and in places efflorescent. Corals are present 
throughout, they are in the same imperfect state of preservation as noted above. 
Some of the cores are principally composed of corals, whilst in others only one or two 
are present, and the main portion of these cores consists of foraminifera and minute 
organic fragments, now cemented by crystalline dolomite. The predominant coral is 
Porites arenosa and forms of AstrcBa, Orbicella, and Madrepora (including M, contecta) 
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are of common occurrence. The other genera ieeot;nif«!(l are PociUopora, Crelm'in, 
aud Montipora. Lohop/ii/tmu and detached alcyonarian sjiicules hkewise occur. The 
foraminifera present belong to OrhitoUles. Plfinm-lmliiia, Carpenterin, Calcarina, 
Gijpsina, Polytrema, AmpluHtegina, and Uetcrosteghta. The detrital materials 
also Include eclunid spines, Serpula-tuhefi, Leptoclinum stellate spicules, and 
Lif/iothamidon. 

Details. 

{354A-356a). Total length 304 millims. Mottled greyish, hurti, mustly compact dolomite, with a few 
amnll hollows. The upper two-thirds of the cores are priiidpuUy of friignioutid niHterials, the lower third 
consists largely of I'oriles arenoaa apparently in position of growth. The same species also occurs in the 
upper cores. Casts of Mwliejiom and Monli]Htra are likewise present. The corals are enclosed by layers 
of I'ulijIrPimi jilaiiiiiii. Alcyonarian spicules, Si-rjmlii. Casts of gastropods. Branching Lilhothiimnion. 

t357A), Length -'•30 millims. Greyish, mottled in places, hard, with some small hollows. About two- 
thirds of this core consists of casts of I'nriles arenosii, now for the most part solidly infiileti with crystalline 
dolomite and partly encrusted with J'vli/lraiM jilnnuin. There are also small casts of .hlnni, Mmlrepora, 
and Munli/'oni. The I'lirilfs is apparently in position of growth. .Imi'lii.'fniinn. Snpiili'-txihos. Branching 
lillidhiimnwR. Cast of lamellibranch. 

(358a). Length !)2 millims. This core is merely an outer shell of rock, similar to the preceding one, 
with a large hollow oiiginally occupied by Pmitrs areni^n ; the outer part of the coral is now infilled with 
crystalline dolomite and overgrown by Pnhjieemii. 

(359a}. Length 202 millims. Greyish, mottled, and s]Hickiod with white (lAtlwthanmion mostly), 
hard, with small cavities. .htrii«, Mii'}f}ti)ia wiik'ln, }'<irit<'^, Mmtlijim' (?) overgrown with Polglffma and 
LillwUiiimnion. Alcyonarian spicides. Cast of large gastropod. 

(360a, 30Lv) [778]. Total length 242 millims. Greyish, mottled, hard, jKuily porous, partly compact; 
in places cavernous where coral has lx:en partly removed. Mainly of corals. A large cast of Orbicella, ef. 
0. Funo/ulensin, Gakiunkk.* I'milia (in-nu-^ and other forms not determinable. Corals encrusted by 
Polytrema an<} IM(}tJmiiinio„. Jldnw/z-'jina. 

(362a), Length 437 millims. Whitish-grey, hard, compact to porous, small hollows in places. Small 
casta of corals, indistinct, oidy Mailrfjiora and Manli/wnt recognised. Lcbophi/hmt. Greater part of core 
consists of consolidated minute fragmental materials with OrbiloUte^, Carpenferia (casts), Polytrtma, and 
A inphiMfgina. Casta of gastropods. Xodular Lilhol/iaituiinn. 

*(363a, 3G4a) [779, 780], Total length 150 millims, (4reyish-white, hard, porous in placea, cavemoui. 
PuriJlujiiini, Mailreponi, and J'orile.t iirniii.-«i. Larger part of eoi'e of consolidated detrital materials with 
OMIoHleii, Ptnnmbiilittn, Vurpenki'w, t'ulmnmt, (lijpsha, I'd '/I ir ma iiiiniiwuiii, P. planum, Amplwiegviia, inA. 
HrUfuslerjinti, also alcyonarian spicules, Nr/'y>"/iF'tubes, echinid spines, aiirl fragments of Lilhoihamtaok. 

(365a). Length 167 millims. Whitish-groy, hard, porous to compjict, cavernous in places whc^ 
corals have been removed. Core mainly of corals ; PoeilUijmra and Pmiifs aivnoiia, a specimen nea.-^'y 
100 millims. in length, and wider than the core (57 millims.), is shown in position of growth. la —^ ' 
fragmentid materials, Carjicnln-ia, Piili/lmna, echinid spines Jind Lilliolhamnion. ^" ! 

(366a, 367a). Total length 274 millims. Whitish-grey, hard, porous, with occasional cavitica, '• 

elHoi'cscent in places. Mainly of casts of corals ; PocillopQrn , O-rhkdla Fumtfuhi^m (I), Cmhi-ut^ \la^ 'i 
and Poiitrs arrnosii. The corals mostly overgrown with Puhihrmii and Lilbdhu miivm, (MiUolUes.^ V,ar»^. "^''^ 
Jmphisfegitui. Casts of large gastropods. VltDna borings in cavities from which tho coctk\o ViKt!^''*^ 
removed. 

(3t;SA, 30Sa). Totid length 199 millims. Eock like prcceiling. Mairdy of corals ftnil 

• ' Proc. Zool. Soc.,' 1899, p. 7Bfi- 
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Casts of Pocillopa)\tf Astnm^ Porifes arenma, and other small corals not determinable. Orhitolites^ Carpenteria, 
Polytrema, Echinid spines, gastropod casts. 

(370a). Length 121 millims. Whitish, hard, partly porous, with large hollows where gastropods have 
been dissolved out. A few small coral casts, including Madrepora ; the core is principally of detrital 
materials with the same foraminifera as in the preceding, and a considerable amount of branching 
Liih4}fhnmmon. 

(371a, 372a) [781]. Total length 170 millims. Greyish-white, speckled, hard, mostly compact, with 
some large hollows. Casts of small examples of Madrepora and Porites. The detrital portion of the 
cores contains (}rhihIUes, Carprutcriu, Calrarina, (hjpsina, Polyfrema and Hderosieijina. Echinid spines, 
alcyonarian spicules, Dpfodinfun stellates, and Lii/foflinmnhn. Cliona borings. 

(373a) [593, 594]. Length 116 millims. Greyish-white, hard, compact, with porous areas. Mainly 
of corals; casts of Co^loria, Ifi/dnophora, Orlnrella, MadrqHmi conttrtn (?) and Montipora (?). Lobaphifhim. 
Corals overgrown by LWtothanmiou. (h'hifo]iff'.<j Calrarinffy (htpi^nn^ Hcfcrosfrifhia and Amphisteijina. Echinid 
spines. 

(374a-376a) [782]. Total length 259 millims. Grey to greyish- white, hard, in part compact, in part 
porous, with occasional hollows. A single specimen of Porite^ arenosa extends nearly the entire length 
of these cores ; it is apparently in the position of growth, and is now solidly infilled with crystal- 
line dolomite. Besides the Porifes, there are casts of Madrepm'a and Montipora, alcyonarian spicules, 
ChintolUes, Pohffrema, Arnphistetjinu. Echini<l spines, LitJwthammon. Casts of gastropods. Infilled Cliona 
borings. 

Depth from Surface, 922-93G Jcct ; Distance Bored, 14 feet; Total Length of Con^e 

Obtained, IS feet 9 inches; Numhers of Cores^ 377a-404a. 

Solid cylindrical cores of whitish, grey, and greyish-white, hard, dolomitic lime- 
stone. In i)art compact, in part porous, with occasional hollows, where corals and 
moUuscan shells have ])een removed. Corals are of general occurrence throughout, 
but in the lower cores they are of small dimensions, and the rock chiefly consists of 
minute organic detrital materials with foraminifera and a large amount of ])ranching 
Lithoth amnion. The corals include Pocillopora, AstrcBa, and other Astrsean corals, 
Madrepora, Porites, very abundant, and Montipora, Also Millepora, Lohophyturn, 
and detached alcyonarian spicides. The foraminifera belong to Miliolina, Orhitoliies, 
Haddonia, Textularia, Glohigerina, Planorbuliaa, Carpenteria, Polytrema^ 
Amphistegina and Ileterostegina, There are also in the detrital materials echinid 
spines, SerpuJ a-ixih^^, Leptoclinnni stellates, casts of gastropods and lamellibranchs, 
and Halimeda (rare). Cliona borings. 

Details. 

(377a-379a) [783]. Total length 255 millims. Greyish-white, hard, dense rock, with occasional small 
hollows lined by mammillated deposit. Largely of corals, now for the most part solidly infilled and 
replaced with crystalline dolomite. Orbicella, Madrepora, Poriks arcnosu, and Moniipora (?). In the detrital 
material, Milivlinu, Carpenin'ta, (hipsina inharens, Gijpaina, sp., Polytn-ma planum, Amphistegina and 
Heierosiegina, Serpula- tubes. 

(380a, 381a). Total length 115 millims. Rock like preceding, with casts of Madrepora, overgrown by 
Pohjtrenui j^lanum and Liihvtiiamnion. Orbifolites, Amphistegina and Hderostegina. 

(382a). Length 221 millims. Greyish- white, porous to compact, with but few hollows. More than 
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one-third the core of Pontes arenosa and another perforate coral, infilled with crystalline material. Corals 
overgrown, as usual, with Polytrema and Lithothamnion. Orbitolites and Heierostegina, 

(383a). Length 80 millims. Whitish-grey, mostly compact, dense. Casts of Focillopora with Polytrema 
and Liihothamnum. Carpenteria. 

(384a, 385a). Total length 255 millims. Grey with greyish-white areas, compact to porous, with 
occasional hollows. About two-thirds the core of Pontes arenosa^ replaced by crystalline dolomite. The 
corals in position of growth. Intermediate detrital areas with a large amount of branching Lithothamnion. 
Polytrema planum, 

(386a, 387a). Total length 233 millims. Rock similar in character to preceding. Mainly of Pontes 
arenosa and branching Lithothamnion, Polytrema planum, and Amphistegina, 

(388a, 389a) [784]. Total length 342 millims. Whitish-grey, hard, partly porous, partly compact, 
with small hollows. With the exception of a few small casts of corals, the cores almost entirely consist 
of fine consolidated organic sediment, now cemented by crystalline dolomite, with numerous foraminifera 
and a large amount of branching Liilwihamnion in good preservation. Alcyonarian spicules. The 
foraminifera belong to MilioUna, OrhitoliteSy Haddoniay Gypdna inh/rren.% Polytrema miniateum^ P, planum, 
Amphistegina' and Heterostegina. Halimeda (rare). 

(390a). Length 168 millims. Greyish- white, dense rock, with some hollows where corals have been 
removed. Cast of an Astrsean coral which occupies about one-third the core, the remaining portion 
fragmental, like the preceding, but the Lithothamnion is less prominent. Coral encrusted by Polytrema 
planum, Alcyonarian spicules abundant. 

(391a). Length 160 millims. Greyish-white, mostly compact, with small hollows. Astrsean coral, cast 
of Madrepora, Portion of stem of Lobophytum, about 90 millims. in length by 20 millims. in width, the 
spicules in close juxta-position without definite arrangement ; some are solid, others empty casts. Larger 
part of the core of detrital materials, with much branching Lithothamnion, Amphistegina, 

(392a, 393a). Total length 264 millims. Greyish- white, hard, porous to compact, cavernous in places, 
where corals have been removed. Greater part of core consists of corals, mostly replaced by crystalline 
dolomite, the remaining portion detrital, with much branching Litliothamnion, The corals belong to 
Asircea lobatay EllIS and SolanDer, and Pontes arenvsa ; they appear to be in the position of growth. 

(394a, 395a). Total length 312 millims. Greyish, with white spots, hard, mostly compact, with a few 
hollows. Small casts of Astrcea lohaia^ Madrepora^ and Pontes arenosa. The greater part of the cores 
consists of detrital materials, with branching Lithothamnion (nuniierous), and alcyonarian spicules. 
Amphistegina, Cast of gastropod. 

(396a). Length 158 millims. Whitish to cream-coloiu-ed, moderately hard, porous. It contains small 
casts of Pocillopora and Madrepora ; the greater part of the core is of detrital materials, with Orhitolite.% 
Textuhria^ Polytrema planum, alcyonarian spicules, Lithotliamnion, and casts of gastropods. 

(397a). Length 235 millims. Whitish to cream-coloured, porous, cavernous in places. Larger part of 
corals. Casts of Astrcea and Porites arenosa, encrusted by Polytrema planum and Lithothamnion, Detrital 
materials, with Orbitolites, Amphistegina, and alcyonarian spicules. Clicma borings. 

(398a, 399a) [595]. Total length 440 millims. Whitish to cream-coloured, hard, minutely porous, 
where small organisms have been dissolved. Casts of small examples of Pocillopoi'a, Madrepora, Porifes, 
Montipora (?), and Millepora, now for the most part replaced by crystalline dolomite. Greater part of cores 
of detrital materids, as in the preceding, with the addition of Ifaddonia, Globigerina, Carpenteria, 
Planorhulina, and Heterostegina, Ijeptoclinum stellates. Casts of lamellibranchs. Echinid spines. 

(400a, 401a) [785]. Total length 471 millims. Whitish, moderately hard, very porous. Small casts of 
Pocillopora and Millepora, Cores nearly altogether of minute fragmental materials, with Orbitolites, 
Textularia, Carpenteria, Gypsina, Polytrema minia<eum, P, planum, alcyonarian spicules, echinid spines, and 
plates, and also with numerous fragments of Lithothamnion, which are cemented by crystalline dolomite. 

(402a, 403a). Total length 233 millims. Rock whitish, moderately hard, porous, like the preceding. 
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Casts of PocUhpara, Mofdijmra (1), and MillejMffu common. Cores mainly of fragmental materials, with 
OrbOolUeSf Pqhjtrermi^ Ainphviteginay echinid spines, and much branching Lithotlmmnioa, Clio/ia borings. 

(404a). Length 204 millims. lioek grey, with very numerous, irregular patches of white, which are 
branching and nodular fragments of Lifhotliamuian. Hard, mostly compact. Small casts of Porilhpora 
and MiU^Hrra. Mainly of detrital materials. Pohjtreitm^ Amphiitegiiui. Casts of gastropods. 



Depth froni Surface, 936-945 feet; Distance Bored, 9 feet ; Total Length of Core 

Obtained, 8 feet 4 inches ; Numbers of Cores, 405a-421a. 

Solid cylindrical cores of greyisli-white, hard, for the most part, compact to porous, 
dolomitic limestone, with occasional cavities. Corals are distributed throughout the 
rock, but not uniformly ; some cores are nearly altogether composed of them, while 
in others only a few small casts are present, and the rock is mainly of fragmental 
materials, with Polytrema and other foraminifera, and l)ranching and encrusting 
Lithothamnion. The most abundant corals belong to Pocillopora, Coeloria, 
Madrepora, and Porites, whilst Seriatopora, Astrcpa, and Pinonastrcea are less 
numerously represented. Small forms of Millepora occur, as in the preceding cores. 
Alcyonarian spicules. The foraminifera include Orbifolites, Carpenteria, Gypsina, 
Polytrema, Amphistegiva, and Heterostegina, Echinid spines, Serpula'iyyhes, casts of 
gastropods, and Cliona borings. 

Details. 

(405a, 406a) [786]. Total length 256 millims. Greyish groundraass, filled ynth mimerous white 
fragments, chiefly of branching Lithothainnitm. A few casts of Pocillopora, a simple Astriean, and Millepora. 
Corals encnisted by Polytrema pUmum and Lifhofhnmnvm, Alcyonarian spicules. Gi/psina, Atiiphvitegina, 
Heierostegina. Echinid spines. 

(407a). Total length 453 millims. Greyish-white, hard, porous, with compact areas where corals have 
been infilled with crystalline dolomite; occasional small hollows. Casts of Pocilhpara, CiAoria, simple 
Afltriean, branching Madrepora, Porite,< arenom, and Millepora. The core is largely of detrital materials, 
with Orlntolites, Carjfenfma, Pohjfrcina, Amphiategina (very numerous), echinid spines, and JMhothainnian. 
Cliona borings. 

(408a). Length 153 millims. Greyish-white, hard, porous, with a few small hollows. About one-half 
the core of casts of corals. Ponlhjtora, Striafopara, small Astraean, Orbicella, branching Madrepora, and 
Parties; the corals are often encrusted by Poh/frema planvm. Orhifolites, AmphiMegina very common. 
Serpula'i\3}}e&, 

(409a). Length 256 millims. Rock greyish-white, hard and porous, like preceding. Casts of Pocillopora, 
Madrepcra, and Poritca ; the structure has ])een either dissolved away, or replaced b}' cr3'stalline dolomite. 
Foraminifera as in No. 408a. 

(410a, 411a). Total length 240 millims. Greyish-white, hard, compact to porous, with occasional 
hollows. Casts of Pocillopora, simple Astrajan, MadrcjH/ra, and Porilfi^ arenma. OrbUoliten, Polytrema, 
Amphistegina, Casts of gastropods. Litlwthumnion, 

(412a). Length 120 millims. Whitish, with some grey areas. The white portions softer than the 
grey, and occasionally efflorescent. Casts of Pocillojma, and PnoTiaatnm (?). Detrital materials, with 
Orbiidiies, Carpenieria, Amphiste/jina. Lithothaianiitn. 

(413a, 414a) [787]. Total length 228 millims. Whitish-grey, hard, partly porous, partly compact, 

2 N 
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where corals have been solidly replaced by crystalline dolomite. Cores principally of coral casts. 
Ccehria, branching Madrejtora^ and Porifes arenofiii. Foraminifera, as in preceding. Casts of gastropods. 

(415a, 416a). Total length 345 millims. Kock similar to preceding; mainly composed of corals. 
Casts of Ccdai-iu (in position of growth), AsfrrFa loba^a, Lam., Madrepora ronffda, and Porifps'ar&nom. The 
corals overgrown by layers of Polyirema pJannni and Liihofhamnion. In detrital material, Orhiiolitts, 
Carperderia, and Amphv^tegina. 

(417a) [788]. Length 97 millims. Greyish-white, hard, porous. The core almost wholly formed of two 
species of ( orals fairly well shown. The structure is for the most part replaced by crystalline dolomite, 
while the interstices are in part lined by rhombohedral crystals, in part empty. Prionastrmi, cf. 
P, magnifica* Blainv., and AsfroFa sp., Poh/freimi pkmum^ and Amphisiegirui. 

(418a-420a). Total length 243 millims. Whitish-grey, hard, porous to compact, with small hollows. 
Cores mainly of corals, often solidly replaced by crystalline dolomite. Astrmi lobafa, Madrepora contecla^ 
Porites arenosa, and Adneopora. Alcyonarian spicules. Detrital materials with ChbitoWes, Carpenteria, and 
Amphisfe(jina, Branching Litlwfhaninion. Casts of gastropods. 

(421a). Length 110 millims. Greyish (compact) and whitish (porous). Core almost entirely of 
PorilfA (irenosa with a fringe of consolidated detrital materials containing OrhitoJiteA and AmphUtefjfina. 



Depth from Surface, 945-957 feet; Distance Bored, 12 feet ; Ihtal Length of Co7*e 

Obtained, 10 feet 11 inches; Number's of Core^, 422a-442a. 

This part of the boring consists of nearly continuous, solid, cylindrical cores of 

whitish to greyish-white dolomitic limestone. The rock is hard (H = 4), partly 

porous, partly compact, in some portions it is whitish and less coherent. The cores to 

a large extent are composed of corals, some replaced and filled up solid with crystalline 

dolomite, and in part with fine sediment, in others the structure has been dissolved 

away, and the space is empty or merely lined with crystals. The corals in many 

instances appear to be in the position of gi'owth. They belong to the following 

genera : Pocillopora common ; Ccdoiia common ; Goniastrcea, Astrcea frequent ; 

Galaxea, PriomtsircBa, both common ; Madrepora, Montipora, Porites very common ; 

and AstrcBopora, Also Millepo7*a, Lobophytum, and detached alcyonarian spicules. 

The spaces between the corals are filled in with fine consolidated detrital materials 

containing Orbitolites, Globigerina, Carpenteria, Calcarina, Gypsina, Polyirema, 

Amphistegma, and Heterostegina. Casts of gastropods, echinid spines. Lithothamnion. 

Cliona borings. 

Details. 

(422a, 423a). Total length 265 millims. Whitish, with thick grey bands, hard, partly compact, partly 
porous. Corals numerous. Prmuustrcea imi/jtnifaa, Madrepora, Montipora, and Porites arenosa. In the 
detrital materials Orbiioliies, CarperUeria, Amphistegina, Lithothamnion, 

(424a) [789]. Length 327 millims. Whitish rock, in places speckled, occasionally soft so that it scratches 
readily with a knife, porous. Casts of Madrepora and Astnmpora, Alcyonarian spicules. The larger part 
of the core is a fine detrital sediment containing OihitoHtes, Catpenieina, Cal^^rina defrandi, Polyirema, 
Oifpsina inJimens, Amphisi4'ginu, and Ileterosteginu, Echinid plates. Fragments of Lithothamnion, Casts 
of gastropods and lamellibranchs. 



' Zooph. Diet. Sci. Nat./ vol. 60, p. 340, 1830 ; also ' Man. Act ' Plate 54, fig. 3, 1834. 
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(425a) [790]. Length 333 millims., width of cylinder 58 millims. Whitish-grey, hard, compact 
to poroiis, with occasional small hollows. The upper half of the core mainly of corals, the lower of 
foraminifera and detrital materials. (rnhu-eaCiy Porifrs arenom, AdnroiHna-y also Millepora, The 
foraminifera belong to (hhihliku (very common), GIMf/enna hulhid^s^ Cai'p^fnferia, Pohjiirma planum^ 
Amphistecfirui , and Ildentdffjinn. Serpuln-tnhcs. Cast of tiirretted gastropod. Branching Lifhothamnion. 

(426a). Length 234 millims. Whitish-grey, hard, porous, except where corals have been infilled with 
crystalline dolomite. Mainly of coral casts, GnJaxen Jt!Jlisi{V), Poritrs nrewjsa, Mmtipora, And MadrejMm {T)j 
Lobaphf/tum growing on IWifrs, and detached spicules of alcyonaria. Corals in position of growth ; 
encrusted with Poli/hn/ia plvnnm and Litlwlhamnitm. OrhitoWe^'i and AmpliUtegirw. 

(427a) [791]. Length 331 millims. Whitish-grey, hard, porous to compact. Core mainly of corals. 
Galaxea EUiai (X) growing in large masses, apparently in position of growth, also Adnea (1). Alcyonarian 
spicules very numerous. Corals overgrown with Pnlytrema and Lithothamnion, Detrital materials with 
OrbifoWeSj Glohigerina hnUniile.% Carpentmn^ CoJrarina, fiffpshm^ and A mphistegina, 

(428a, 429a). Toti)l length 182 millims. Whitish-grey, hard, with some hollows. Largely of corals. 
Adrmi lobnta, iWhrui^ Poritfn unniosn. Alcyonarian spicules, echinid spines. Foraminifera as in 
preceding. 

(430a). Length 160 millims. Whitish-grey, hard, porous. Almost wholly of corals apparently in 
position of growth. <Mowi, Adnva lobafn, Priomi^trcea vKU/nifim, and Madrepora. Alcyonarian spicules. 
Orbiioliie;i, Polytremu planum,, Ainphidegirm. Liihothaiunion. 

(431a-433a). Total length 334 millims. Greyish-white, hard, porous, with occasional cavities. Largely 
of casts of corals. PorilhfjHjm, . Isfnra lohota, Prianasfr(pa magniJUa (1), Madrepora and Poritss, Millepora^ 
fjobophijtum, alcyonarian spicules. Foraminifera as in preceding. Casts of gastropods. Echinid spines. 
Liihothamnitm. 

(434a, 435a). Total length 211 millims. Whitish-grey, hard, porous, with some compact areas. Mainly 
of corals. Podllopora, Ciflnna, Madrepora, and Poriiea arenom. AmphisfeginUj Lithothamnion. 

(436a), Length 121 millims. Whitish-grey, hard, mostly compact. P lion adra'a nmgnifaa sjid hrAUching 
Madrepora. Alcyonarian spicules. Core largely of detrital materials with Orlntolites, Carpenieiid, 
Amphisteginaj echinid spines. Casts of gastropods. Branching Lithothamrmn numerous. Casts of unusually 
large Clionu borings. 

(437a). Length 198 millims. Greyish-white, hard, porous, with hollows where corals have been 
removed. Somewhat more than half the core of corals. Porillopora, Cwloria, Madrepora, cast of large 
Porites solidly infilled with crystalline dolomite. In detrital portion of core the same kinds of organisms 
as in the core above. Casts of lamellibranchs. 

(438a). Length 218 millims. Whitish-grey, hard, porous, dolomite, with occasional hollows. Numerous 
small casts of corals. PodUopora, Astrwan, Madrepora and Poritea. Nodular lumps of Millepora, Corals 
in position of growth. OrbitolifrSy Oarpenieria, Amphisteginu, Heferosfeginu. Echinid spines. Branching 
Liihothamnion abundant. 

(439a-441a). Total length 267 millims. Kock similar to preceding. Numerous casts of small corals, 
intermediate areas of finely detrital fragments with foraminifera. Pocilhpora abundant, Caloiia, 
Astrsean, Madrepmay and Porifem. Alcyonarian spicules. Qrbitolites, Carpenteria. Casts of gastropods. 
Branching Lithothamnion, 

(442a). Length 102 millims. Greyish-white, hard, porous, with some hollow spaces. Casts 
of corals and detrital materials. Pixillopora, (hnia^ira^a t^oluiay* Bl., small Fungid and Madrepora. 
OrbiioliieSf Awphisiegina, numerous. JM/iothamnmi, 



* ' Diet. Sci. Nat.,' vol. 60, p. 338, 1830. 
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extent, of corals, now either solidly replaced by crystalline dolomite or with the 
structure dissolved away, and the interstices are lined with crystals or infilled with 
consolidated sediment. The following genera are represented : Pocillopwa, common ; 
Sematopora, rare ; Cceloria, Astrcea, and other undetermined Astrseans ; Fimgia, 
Madrepora, common ; Montipora, Pontes, very common, and growing in large masses. 
MUlepora, Lohophytvm, alcyonaiian spicules. The detrital material l)etween the 
corals contains OrhUoIiies, Plncopsilina, Textularia, Carpenteria, Gypsina, Polytrema, 
Amphistegiiia, and Ilelerostef/ina, Also echinid spines, Se7piihi-t\i\)es, casts of 
gastropods and lamelli])ranchs [Lithodomus). Lithothamnion. Cliona borings. The 
organisms are cemented l)y crystalline dolomite, but frequently this material does not 
completely fill the interspaces. 

Detaii^. 

(450a-452a). Total length 371 millims. Whitish-grey, hard, partly porous, and with small 
hollows. Mainly of coral casts. VoriUoiHyni, Co'IoriUy Asircm lohala, Montijnmi (?), and Pontes arenosa^ in 
large masses, to 115 millims. in length, and wider than the core. They are apparently in the position of 
growth. The Porifea occasionally bored by Lithodomm^ the shell of which is still present in the boring. 
The detrital mateiial contains OrbitoUU's, Carjmnierin, Pohjirenm planum, and Anqfhisfeginn, Casts of 
lamellibranchs. Liihothaninimi, 

(453a), Length 248 millims. Whitish-grey, similar to preceding. Casts of small examples 
of Madrepora and PoriM<. Alcyonarian spicules. Larger part of the core of detriUil materials, with 
foraminifera, as in the core above. Serpuln-tuheB, Branching LUhothamnion. 

(454a, 455a). Total length 216 millims. Whitish, speckled, minutely porous. The upper core 
consists chiefly of casts of PmlUypom and Porifen arenosa., Alcyonarian spicules. The lower core, 
mainly of f ragmen tal materials, with Chlntolifes, Carpentaiii, Amplmtegina (very abundant), and 
Heterostegina, Numerous fragments of LitJwtliainnion, 

(456a, 457a) [794]. Total length 231 millims. Greyish- white, hard, porous. The upper part 
of the cores chiefly of coral casts. Ca'hrui, Porite,^, and a piece of LobophyUtm 48 millims. in length, 
wider than the core. The lower portion of the core consists for the most part of detriUil materials, with 
Orbitolitefi, TefAnlariUy Caipenki-ia^ Pohjtrema, Amphi4eginaj and Hderoskgina, Echinid spines and encrusting 
and branching Lithothainnvm. Under the microscope some of the spicules composing the Lohophytum are 
seen to retain their brownish aspect and obscurely fibrous structure ; in others, however, the brownish 
outer layer either merely encloses an empty mould, or the interior is filled with crystalline dolomite. 

(458a-461a). Total length 343 millims. Greyish- white, hard, mostly porous and with irregillar 
hollows. Casts of Pocilhqma, Astrtuan coral, branching Madrepora, and solidly replaced Poritea, with 
undulating layers of Pohjtrema planum and Liihothamnion growing over it. Alcyonarian spicules. The 
larger part of the cores consists of somewhat coarse-grained fragments of organisms with OrUtolites, 
CarpeiUeria, AmphUtegimi and Jleterostrgina, Echinid spines. Serjimln'txihes, Casts of lamellibranch 
shells, some with infilled Cliona borings. 

(462a-464a). Total length 241 millims. Whitish-grey, hard, minutely porous. Casts of Pocilhpora, 
Fungia, about 60 millims. in diameter, l)ranching Mailrepora. Alcyonarian spicules. The larger part of 
the cores of detrital materials, like the preceding, with Orhilolite^, Pohjtrema planuju and Avvphht^gin<i, 
Casts of lamellibranchs and gastropods. 

(465a, 466a). Length 430 millims. Whitish-grey, hard, partly compact, partly porous dolomite. The 
greater part of these cores consists of specimens of Poriieii arenosa, in part solidly replaced by crystalline 
materials, in part minutely porous. One specimen is 325 millims., or 13 inches in height, and wider than 
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the core. Another specimen, evidently in position of growth, is 70 milliras. in height and about the 
width of the core. The specimens are bored by Lithodomusj the borings are 1 4 millims. across, and 
mostly infilled with ^ne consolidated sediment. Madrepirra is also present. In the f ragmen tal detritus 
there are alcyonarian spicules, Polyirema jjlanum, AmphUtegiiia and echinid spines. 

(467a). Length 229 millims. Rock like the preceding. Casts of PodUopmay Senatop(n'a, simple Astraean, 
Madrepora and ForUe.'i. Amongst the detrital materials there are alcyonarian spicules, Amphistegina, 
Heterosteginay echinid spines and branching Lifhothamnian. Gastropod casts. 

(468a). Length 251, millims. Whitish-grey, hard, porous, with oociisional hollows. PociU^oray Astraean 
coral, genus uncertain, Madrqwm canieciay Porites. Milkpora, alcyonarian spicules. Amphistegina, 
LUhothavmwn, Casts of gastropods. Climia borings. 

(469a). Length 106 millims. Grey with whitish spots in places; large cavities. Core almost entirely 
of Poriks ureTiom, in part solidly infilled with crystalline dolomite, in part porous or dissolved away. 
Amphistegina. Branching Lit hotluu union, 

(470a) [598]. Length 204 millims. Whitish-grey, mottled, hard, compact to porous. Core mainly of 
corals. Cailoiia, Psiuninomm (?), Madrepora, Pi/rites arenom. Alcyonarian spicules. Detrital material 
with Placnjisilirui , (khitolUe.% common, Tcxtnlana nigosa, Caipenteriu, Gypsina, Polijtrvnm and Awphisiegina, 
Echinid spines. Much encrusting and branching Lifhothamnumy showing the structure well. Casts of 
gastropods. 

Depth from Surface , 973-983 /i:^/ ; Distance Bored, 10 feet; Total Length of Core 

Ohtained, ^ feet 5 inches; Numbers of Cores , 47 1a -490a. 

Solid cylindrical cores of greyish to greyish-white, hard, dolomitic limestone. The 
rock is partly compact and partly porous, with cavities in places where corals have 
l)een removed. Corals are distributed throughout, some cores are principally com- 
posed of them, in others they are surrounded by masses of coarse fragmental materials. 
The corals are as usual in the condition of casts ; the structure replaced by crystalline 
dolomite, and the interstices infilled with consolidated sediment. They belong to 
Pocillopora, Coeloria, Astrrpa, Orhicella, Fuv/jia, Madrepora, Montipora, Porites and 
AstrcBopora. Alcyonarian spicules are also present. The detrital portion of the 
cores contains Orbitolites, Haddonia, Caiyenteria, Gi/psina, Polytrema, Amphistegina 
and Heterostegina. Echinid spines, Leptoclinum stellate s])icules. Casts of 
lamellibranchs and gastropods. Encrusting and branching Li t It oth amnion. Infilled 
Cliona borings. These various organisms and organic fragments are cemented 
together by crystalline dolomite, which, however, often only partially fills the 
interspaces. 

Details. 

(471a). Length 270 millims. Greyish- white, for the most part minutely porous, with large hollow. 
Corals throughout, but about half the core of fragmental materials. Cn'Jori<t, Jstraa (?), Madrfpora and 
Patitcji. Corals encrusted by Polytrema planum and Liihothnmnion. Alcyonarian spicules. AjiiphisteginUy 
echinid spines, branching and fragmentary Lithofli-amnion. 

(472a, 473a). Total length 229 millims. Greyish- white, compact to porous, with some hollows. Cores 
principally of coral casts ; Madrepora, Poiit^fs and Astro'opora. Alcyonarian spicules, PoJytreiiw. planum, 
Lithdhwmimi. Casts of large lamellibranchs. 

(474a). Length 243^ millims. Whitish-grey with whit^ spots {Lithothainniim) minutely porous. Casts 
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of Fufujiii (1), Miidrepwa and Pmites. AJcyonarian spicules. Lower half of core principally of detritpal 
materials, containing the same forms <is the preceding with the addition of Cliona borings. 

(475a). Length 12.'^ millims. (Jreyish- white, mottled and speckled. Cast of Madrepora, overgrown 
by Pohjtremn phi num. Also cast of fragment of large bivalve shell ; the shell has been dissolved away and 
the space is now occupied with infille<l Cliowt borings. P^chinid spines. Fragments of Lifhothamnion. 

(476a-479a) [795]. Total length 395 millims. Greyish-white, hard, compact to porous. Casts of 
Asiicfay cf. A. lohofn^ numerous. Detrital materials are more abundant than corals in the lower cores. 
The foraminifera include (h'hUolitf'.<, limldonia, ('arjt/'nteria, Pohftremn lAamiw, Amphutegiim and Heteroaiegtna, 
Echinid spines. Encrusting and l)ranching Lifhothamnion, abundant. 

(480a). Length 163 millims. Greyish, \^ith white areas, mostly compact. From one-third to one-half 
the core of Poriirs nnimsn (X). Alcyoiiarian spicules, abiuidant. Carpenterifi, A mphistegiim and Heterostegina, 
Casts of gastropods. JAthothnnuiiun. 

(481a-484a) [796]. Total length 419 millims. Greyish, hard, porous. The cores consist of coarse 
fragmental organic materials, ceraent<jd by the crystalline dolomite, but the interspaces are not completely 
filled ; in the cores there are many coral fragments as well as thick bands of them in position of growth. 
The corals compi'ise Pmlhpt/ra, C'tloria, Madrqmraj and Pontes. Alcyonarian spicules. The foraminifera 
belong to (hbifohh'.<, Hnthhmm, Carprntfria, Poh/trema, Amphufeijim, and Heterosteijina, Echinid plates and 
spines. Numerous fragments of branching Lithoihanmum, 

(485a, 486a). Total length 144 millims. Grey, hard, mostly compact, with porous areas. Cores 
mainly of corals solidly replaced by crystalline dolomite. Pmiifs aimosa and OrUrdla^ cf. 0. lieJiojmra, Lam. 
Some coarse detrital materials with the same organisms as in the cores above, except that Hculdania and 
Carpenferia were not observed. 

(487a, 488a) [797]. Total length 158 millims. Greyish-brown with whitish bands, hard, mostly 
compact, cavernous. Cores chiefly of corals, growing in thick undulating, nearly horizontal layers ; they 
belong to Potitfs^ Monfijtorn, Astriropom^ and are |)artly overgrown by PoJjitrf^ma and Liihothamnion, 
Alcyonarian spicules. In the detrital materials, (}rhitolUe.<^ Carpemtena, (h/psinu, AmphiHtegina^ and 
H^ieragffffinu are present, with echinid spines and plates and Lepforlinum stellates. 

(489a). Length 150 millims. (Treyish-white, mottled; large hollows in places where corals have been 
dissolved out. Thick layers of Poriffs and Astr(foj>ara, overgrown by the Poh/trema and Lifhoifiamnion, 
Larger half of core of coarse detritid material with OrbUolites, Carpenieriay and A/nphuf^gina. 

(490a). Length 253 millims. Upper half of core whitish-grey, with layers of Asfrnopora (?) and coarse- 
grained detrital material with foraminifera, the same as in the preceding; the lower half of much liner 
fragmental material composed of the same kinds of organisms, solidly cemented with crystalline dolomite. 



Depth from Surface, 983-991 feet; Distanice B&red, 8 feet; Total Length of Core 

Obtained y T feet 1 im'h; Numhers of Cm'e^, 491a-507a. 

Cylindrical cores of greyisli- white to greyish-brown, hard, dolomitic limestone. In 
the upper 2 feet the cores are almost exclusively of foraminiferal and tragmental 
materials of a uniform character ; in the rest of the cores there are in places some 
casts of corals, but in the main the rock is composed oi the same detrital material as 
in the upper portion. The corals for the most part are unfavourably pi'eserved ; they 
belong to Coehrria, simple Astraean fonns, and Madrepwa contecta. Millepora occurs 
but rarely, while alcyonarian spicules are common. The foraminifei^a comprise the 
usual forms : Orhitolite^, Textulana, Carpeifite'iia, Calcairina, Polytrema, Anvphistegina 
and Ueterosteyina. Echinid spines, casts of lamellil)ranchs and gastropods are. present, 
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and a large amount of branching and fragmentary Lithothamnion, The materials are 
cemented by crystalline dolomite. 

Detah^. 

(491a-494a) [798]. Total length 503 miUims. Greyish, speckled white, hard, minutely porous. With 
the single exception of a small perforate coral, periiaps JIadrepara, the cores are uniformly composed of 
foraminifera and fragments of bninching LitkoikaMmiomy with alcyonarian spicules and echinid spines. 
The foraminifera include ^>»/>i7/>/i>.s common, Textulana^ Carpenima^ Calranna, Poiifirenia mimiaceum^ P. planum, 
A laphisieghuiy abundant, and Hf^terfkiieinmiy common. The interspaces between these organisms are only 
partially filled with crystalline dolomite. 

(495a, 49Ga). Total length 277 millims. Greyish, speckled, hard and porous. Somewhat more than 
half the cores consist of coarse fragmeutal materials with OrbitoliU.<y A mphiiit^^ma, and Heierostegma, the 
remainder is compostnl of casts of deloiia and Mathrpora rjmUria (t). The former is bored by Liihodoinus, 
Kchiiiid MpiiioM and branching LithtAhamnion. 

(497a). liongth 442 millims. Greyish-white, hard, compact to minutely porous. Beyond casts of a 
(ow Mint|)lu forms of an Astra>an coral and a specimen of Miulr^pora rmUeria (t), the core consists of the 
Haifio foriiiiiinifoi'H aiul other organisms iis in the preceding, with the addition of Carpeiktf^ria and casts of 
giiHtrn|)0(lH. 

(49HA 501 A). Total length 379 millims. Gre^Tsh-brown, with whitish undulating bands, hard, cavernous. 
V*jry < I yHtallino. The cavities in these cores were probably occupied originally by corals, and corals likewise 
apiieai' to have been in the solid portions of the rock now filled in with crystalline dolomite and surrounded 
by <in< iiiHting luyerH of Lithothamnion. Indications of Maflre/wra, Foraminifera as in preceding. Orbiioiites 
iibiindant, J'ulf/trema and Amphiste^na, Echinid spines. 

(502a 504a) [799], Total length 326 millims.f Greyish-brown, hard, compact to porous, very crystalline 
ruiM, With the exception of two or three small casts of corals, too imperfect for determination, the cores 
a|ipettr to be entirely of foraminifera and fragmental LUhotkamnion, alcyonarian spicules and echinid spines. 
( h'l/itoliteii, UijpdrMy Pohjtrema, Amphidegina, and Heterofdegina, can be recognised in the microscopic section. 

(505a-507a). Total length 229 millims. Mottled greyish-brown, hard, compact to porous, in places 
L-avernous. Large amount of the banded crystalline deposit lining and filling the hollows. Imperfect 
casts of Madrepaia amteda. Small Millepaia, Encrusting Polyfretna planum and Lithothamnion, Oi'bitolites, 
Amphiiitfifinu, echinid spines. 

jMjdIt from Surface^ 991-1006 feet; Distance Boredy 15 feet; 'ratal Length of Core 

Obtained, 12 feet 8 inches; Numbers of Cores, 508a-527a. 

Hfilid cylindrical cores of greyish- white to greyish-brown, dense, hard, dolomitic 
lllhhHinnt. Compact to porous, with occasional cavities where corals have been 
ntmtfVtah Banded crystalline deposit Uning and filling up the pores and hollowa 
( Un%\ti are distributed throughout the cores, but they do not occupy so much space as 
MiU fnrftmiuiferal and detrital materials. They belong to Stylophora, Pocillopora, 
SpmUo/u/ra, Ccelo7ia, Astrcea, Orbicella, Cyphastrcea (?), PriorutstrcBa, Fungia, 
Mi^ilreporu, Montipora (?) and Astrceopora. Millepoi^a fairly common ; Lobophytum 
mid dutiuslind alcyonarian spicules are also present. The foraminifera belong to 
{Mi^UiilUt^t Carpenteria, Gypsina, Polytrem^, Amphistegina, and Heterostegina. 
Vlvi^iuid wpiiHiH, Serpula-tuhes. Casts of lamellibranchs, and encrusting and branching 
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Details. 

(508a, 509a). Total length 180 millims. Mottled greyish-white, compact to poroiis, occasional small 
hollows. Ciists of branching Madrepora, Small forai of MiUejM>ra, fragment of Lobojthytmn, and detached 
alcyonarian spicules. The larger pirt of the cores consist of detrital materials, with (hhifolUes and 
Amphutegimiy Echinid spines and many pieces of Lifhothamnum. 

(510a) [800, 801]. Length 308 millims. Speckled greyish-white, compact to porous, with many small 
hollows. Numerous small coral ciists, l\mUopora, Seriatopora, simple Astraean, and Madrepora. Millepora. 
The foraminifera compiise (hhilolilm^ Caipfnieria, Gifpsinu inhmyns, G, ylolmhi.^j Polijti'f'ina minia^^eumy 
P. planum^ J/nphvitctjinu and H'tcronftfjinn. Alcyonarian spicules, echinid spines, the structure well shown; 
fragmentary Lithothautnion. 

(511a, 512a). Total length 171 millims. Mottled greyish-brown, compact to porous, with occasional 
hollows. Casts of Sniufopora^ Ftiiuiia, and Miyhrponi, and other small corals too obscure to l>e determined. 
MUlepitra. Orhiiolih'.< numerous, Pol ift re ma plan urn encrusting corals, Ainphistnjlna, Pxhinid spines, casts of 
lamellibranchs. Lithvtham a urn . 

(513a, 514a). Total length 227 millims. Rock like the preceding; cavernous in places where corals 
have l)een removed. Casts of Sfiuititporn^ AMrau, Fuiujia and Miuirfpom (1) encrusted by Polytrema planmn. 
The detrit^d materials contain OrhitoUtcs^ AtnphUfetjina, echinid spines and Lithothamnum. 

(515a) [802]. Length 403 millims. Greyish-brown, hard, partly compict, partly porous, dolomitic 
limestone. The upper third of the core consists principally of corals : Sf^riaioparay Asinm, and ManHpora (X) ; 
the rest of the core, with the exception of casts of SerUiiojHfra, is composed of detrital materials and 
foraminifera: Orhifolitrs, (\uprnff'ria, (IfipHinu, Pohjtrtmay Atnphisfrifina, and Hctf*rvsfe(fina, Alcyonarian 
spicules, echinid spines, encrusting and l)ranching Lithothamnion, 

(516a, 517a). Length 227 millims. liock like the preceding one. The upper core contains numerous 
slender branches of Scr'uitopora, encrusted l>y Poli/irenta planum. In the lower core besides SeruiioporUy there 
is a cast of a small .hfnea. In the detriud materials, the only organisms which can be recognised with a 
lens are Orfnfoliffs^ Amphl4v{iuia^ echinid spines and LUh4Mhamnum, 

(518a). Length 232 millims. Greyish-white, mottled, hard, compact to porous. Largely of corals, 
including Seriatopora, ('nloridy Asfrmt and Madirpomy encrusted by Poh/trema and LHhothainnum, The 
corals are very unfavoural>ly preserved, lieing for the most part replaced by crystalline dolomite. 
Orhitolif^j^ and A injf/tisfcfjina, 

(519a, 520a) [599, 803]. ToUd length 134 millims. Whitish -grey, minutely porous, with compact 
areas. Mainly of corals ; CWlona, MadrciHHdy Ponf^s, or Adneopora in position of growth. Alcyonarian 
spicules, echinid plates. (hMiolikiiy AinphiMeijinu, Encrusting Lithothamnion, 

(521a). Length 320 millims. Grey and whitish, hard, ocwisionally cavernous. Corals numerous, but 
very indistinct. St/flophora, Porillapora^ and the same doubtful Pontes or Asfneapora as in the preceding 
core. Amphist4f(jina. Large echinid spines. Branching and encrusting Lithothamnion common. 

(522a). Length 150 millims. Greyish-brown, hard, mostly compact, dolomite. Core mainly of 
branching Pocillojma and indications of other corals as well. Branching Lithothamnimi. No foraminifera 
distinguishable with a lens. 

(523a). The length of the whole core is 947 millims. or about 3 feet 2 inches. It has been divided into 
six subequal pieces averaging 157 millims. each. The pieces are numbered 1-6. 

(1-2). Greyish-brown, hard, compact to porous, with occasional small cavities. Numerous casts of 
branching Pocilhjjoruy similar to that in the preceding core, and indications of a perforate coral, 
replaced and nearly obliterated by the crystalline dolomite. Cast of gastropod, echinid spines. A 
large quantity of branching LithMumnion, Foraminifera not distinguishable with lens. 

(3). Greyish-brown, dense, minutely porous, occasionally cavernous. Several areas, now infilled with 
crystalline dolomite, appear to have been originally corals, but nothing definite is shown beyond traces 

2 O 
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and a large amount of branching and fragmentary Lithothawnion, The materials ai*e 
cemented by crystalline dolomite. 

Details. 

(491a-494a) [798]. Total length 503 millims. Greyish, speckled white, hard, minutely porous. With 
the single exception of a small perforate coral, perhaps Madrepara^ the cores are uniformly composed of 
foraminifera and fragments of branching Lithothamnum, with alcyonarian spicules and echinid spines. 
The foraminifera include OrHioI if eji, common, Textulaiia, Cai'j>fnieria, Calranna, Polyfrema miniaceumj P. planum , 
Aniphuit^inaj abundant, and HfferoHt€(fina, common. The interspaces between these organisms are only 
partially filled with crystalline dolomite. 

(495a, 496a). Total length 277 millims. Greyish, speckled, hard and porous. Somewhat more than 
half the cores consist of coarse fragmental materials with Orhitolites, Amphisiegina, and HeierosUgina, the 
remainder is composed of casts of CWIoria and Madrfpora conkcia (1). The former is bored by Lithodonius. 
Echinid spines and branching lAthotJuimnion. 

(497a). Length 442 millims. Greyish-white, hard, compact to minutely porous. Beyond casts of a 
few simple forms of an Astriean coral and a specimen of Madrppora contpcta (1), the core consists of the 
same foraminifera and other organisms as in the preceding, with the addition of Carpeniet^ and casts of 
gastropods. 

(498a-501a). Total length 379 millims. Greyish-brown, with whitish undulating bands, hard, cavernous. 
Very crystalline. The cavities in these cores were probably occupied originally by corals, and corals likewise 
appear to have been in the solid portions of the rock now filled in with crystalline dolomite and surrounded 
by encrusting layers of LUhcthamnian, Indications of Madrepora. Foraminifera as in preceding, (h'hiioliies 
abundant. Poly tie ma and Amphistegina, Echinid spines. 

(502a-504a) [799]. Total length 326 millims.J Greyish-brown, hard, compact to porous, very crystalline 
rock. With the exception of two or three small casts of corals, too imperfect for determination, the cores 
appear to be entirely of foraminifera and fragmental Lilhothamnion, alcyonarian spicules and echinid spines. 
OrUtoUtes, Gypdnu, Pohftrema, Amphisteifiiia, and Hekimiefinay can be recognised in the microscopic section. 

(505a-507a). Total length 229 millims. Mottled greyish-brown, hard, compact to porous, in places 
cavernous. Large amount of the banded crystalline deposit lining and filling the hollows. Imperfect 
casts of Madrepora conieeta. Small MUlepaia, Encrusting PoJytre ma planum and LUJwthamnion, Orhiioliies, 
Amphhteijinay echinid spines. 

Depth from Surface, 991-1006 feet; Distance Bored, 15 feet; Total Length of Core 

Obtained, 12 feet 8 incites; Numbers of Cores, 508a-527a. 

Solid cylindrical cores of greyish-white to greyish-brown, dense, hard, dolomitic 
limestone. Compact to porous, with occasional cavities where corals have been 
removed. Banded crystalline deposit lining and filling up the pores and hoUowa 
Corals are distributed throughout the cores, but they do not occupy so much space as 
the foraminiferal and detrital materials. They belong to Stylophora, Pocillopora, 
Seinatopora, Ccdoria, Astrcea, Orbicella, Cyphastrcea (?), Prionastrcsa, Fungia, 
Madrepora, Montipora (?) and Astrceopora. Millepora fairly common ; Lobophytum 
and detached alcyonarian spicules are also present. The foraminifera belong to 
Orbitolites, Carpenteria, Gypsina, Polytrem^, Amphistegina, and Heterostegina, 
Echinid spines, Serpula-tuhes. Casts of lamellibranchs, and encrusting and branching 
Lithothamnion, 
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Heterostr/fina, Echinid spines, Serpula, and nodular Litkofhamnion. The small organisms and fragments 
are coated hy numerous, thin successive layers of crystalline dolomite which cements them together. 

(535a), Length 425 millims. Greyish-hrown, very hard and dense, dolomitic rock, compact to porous, 
with irregular hollows. Many casts of corals, for the most part replaced by crystalline material and very 
ohecurely shown. Pmlhprn'a, Seriahpom, (!(t*lorin^ Asfrmi^ Mtuhejuyra,, and Mantijw^ra, Alcyonarian spicules. 
Millepora. Foraminifera not distinguishable, Ijeyond encrusting Pohitrenm planmiL Clwna borings. 
Branching Lithofhinmion, very common. 

(536a). Length 337 millims. Kock similar to the preceding. Many casts of corals ; they are, as a rule, 
small forms belonging to Sfi/hrpliora, an Astraean, Mof/repora^ Montipora, Pontes arenosd, and Adrceopora, 
Only OrhifoUteji^ Pohftnmit, and A mplfisief/ina. recognised with a lens. Much branching and fragmental 
IMhothamnian. Casts of gastroixnls. Alcyonarian spicules. 

(537a, 538a) [805]. Total length 305 millims. Greyish to greyish-lwown, compact to minutely porous, 
occasionally cavernous. Casts of small corals ; /Ve7%wm, Sf'riatopora, Asfrcea, OrhkeUa pleiwies, Ellis, 
Mculmpora^ Porife.^. Alcyonarian spicules. Fragmental materials with Miliolinay Orffiiolite.ij Gamlryiruiy 
Garpenicria (?), Polf/tremn miniarpinn^ and A mphisf^/fina. Echinid spines. Haliineda, Encrusting and 
Hranching LitJwthiwm mi. 

(539a, 540a). Total length 382 millims. Greyish rock, like preceding. Numerous casts of corals. 
Stiflophora, Pocillitpora^ OrlfireUa pleUuha^ Mwhrpf/ra, and Ponfrs arniom. Detrital materials with Orlniolites 
and Polytrema. Liihothaimiion. Cjists of lamellibranchs. 

(54 L\, 542a). Total length 294 millims. Greyish-brown, very hard, generally compact, dolomitic rock, 
with some irregular hollows. Casts of corals as in preceding cores ; for the most part the corals are 
replaced by crystalline dolomite. SttfJophora, Porilhporaj Orhiedla phiwles, Astrsean, Miulreporay and Pontes 
arenosfi. The only foraminifera recognised are OrhitMm and Amphi4egiim, Echinid spines, ^erpu/o-tubes. 
Caste of lamellibranchs. Halhti^tfti-jomtH. Encrusting and branching Lifhothawnian. 

D^th from Surface, 1015-1025 yce^; Distance Bored, 10 feet; 2'otal Length of Core 

Ohtained, % feet 3 inches; Numbers of Cores, 543a-564a. 

Solid cylindrical cores of whitish, greyish-white to greyish -brown, hard, dolomitic 
limestone, partly compact, partly porous with irregular cavities. The character of 
the rock is very similar to that of the cores immediately above ; corals are present 
throughout, sometimes sufficiently numerous to form the larger part of the rock, 
while in other portions they are few, and small in proportion to the minute detrital 
fragments and foraminifera. They are, as usual, replaced by crystalline dolomite and 
scarcely recognizable. The following genera are present : Stylophoi^a and Pocillopora, 
both very common, Cceloria, Astrc^a, Orhicella, Fungia, Sideraiitrcea, Madrepora, 
PoriteSy Montipora, and Aiitr(PA)pora (?). Millepmxi, alcyonarian spicules. The 
foraminifera include Textularia, OrhitoUtes, Carpente^ia, Pulvinulina, Gypsina, 
Polytrema and Amphistegma, Echinid spines, casts of gastropods and lamellibranchs. 
Halim^da-ymxtH and Lithothamnion, 

Details. 

(543a-546a). Total length 304 millims. Greyish to greyish-brown, compact to porous. Mainly of corals, 
partly porous, partly infilled and replace<l by crystalline material. Styhplima, Podllopora, large Ccelcria in 
position of growth ; Pontes and other forms not determinable. MiUepora, OrhitoHtes, Amphute^jina, Echinid 
spines. Casts of gastropods and lamellibranchs. LithoHiamnion. 

2 o 2 
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of Madrepora, Larger part of core of detrital materials in which alcyonarian spicules, echiiiid spines, 
OrbitolUeSf and a considerable amount of IMhoihai union can be distinguished. 

(4-5). Whitish-grey, hard, minutely porous. Cast of Prionasfnm ma^ifica (1) Brj\.iNV., indications 
oi Pontes {Vf, and other corals too indistinct to be determined. Stem of Lobophi/tiiiu and detached 
alcyonarian spicules. OrhitoUfea^ A mphl^tegina and fragments of Lifhofhamnum. 

(6). Greyish-white, speckled, minutely porous. Casts of PociUojm-a, an Astr«ean (1), Ci/phuafnea, and 

a Fungid coral partly encrusted by Polytmna, Alcyonarian spicules, numerous. Greiiter part of 

the core consists of minute fragmentary materials with OrhifoWtii, Amphiiiieijina, echinid . spines and 

fragments of Liihofhamnion. 

(524a, 525a). Total length 299 millims. Greyish-brown, speckled, compact to porous, cavernous in 

places. Casts of Seriatopora, Oyphastraa (?), Madrepora and indications of other corals which are now 

replaced by crystalline dolomite. MUlepora^ about 70 millims. in length and wider than the core 

(58 millims.). Alcyonarian spicules luimerous. Fine detrital materials with Orbifoliiefi and other forms as 

in the preceding cores. 

(526a, 527a). Total length 198 millims. Speckled greyish-l)rown, hard, compact to porous. Casts of 
Seriaiopora, simple Astraean and other corals not recognisable. Cores chiefly of f ragmen tal materials. 
Alcyonarian spicules rmmerous; ()rhifoJiff'.% PoJi/frema, AmphUtf^tiimi^ branching Lithofhamnum, 



Depth from Surface, 1 006-101 5 /cW; Distance Bored, ^ feet; Total Length of Core 

Obtained, 8 feet 6 inches; Ntimhers of Cores, 528a-542a. 

Solid cylindrical cores of greyish -brown, hard, dense, dolomitic limestone, generally 

compact, but with occasional hollows, which are lined by concentric layers of 

crystalline dolomite. Corals are very generally present in all the cores, but only in 

some do they constitute the greater part of the rock. They are very imperfectly 

preserved, for the most part they have been replaced by the crystalline dolomite, 

leaving but scanty indications of their charactei*s. The genera recognised are 

Stylophora, Pocillop(yra, Se7natopo7*a , Ccelona, Astraa (?), Ch^bicella, CyphastrcBa, 

Madrepora, Montipoixt, Porhes, and Astr(Eopora, Millepora and alcyonarian 

spicules are present. The foraminifera and detrital materials filling the areas 

between the corals include Miliolina, Ch^hitolites, Gaudryina, Vahmlina, Carpenteria, 

Gypsina, Polytrema, Ainphistegina, Heterostegina ; also echinid spines, Serpula- 

tubes, casts of gastropods and lamellibranchs, Halimed a-^oints, branching and 

encrusting LitJwthamnion. 

Details. 

(528a-532a). Total length 318 millims. Speckled greyish-brown, compact to minutely porous, occasional 
irregular hollows. Casts of Seiiatopora and other small corals now replaced by crystalline dolomite. 
Millepora, alcyonarian spicules, numerous. Larger part of the rock consists of detrital fragments with 
Poiytrenm, Amphi<tegina, echinid spines, and Lithothamnion, 

(533a). Length 445 millims. Greyish-brown, hard dolomite with irregular hollows. Casts of 
PocUlopora, Seriatajtora, Cirlona, Cffphadrini and Madreiwra. Alcyonarian spicules. Foraminifera very 
obscurely shown, only OrUtoHiea, Polytrema, and A ntphuf^ffina recognised. Echinid spines. IMhothamnion. 

(534a) [804]. Length 48 millims. Greyish-brown, hard, porous, dolomitic rock, principally of Ccthria, a 
continuation of the specimen in the preceding core. Alcyonarian spicules. The foraminifera shown 
in the microscopic section comprise, J^alvuHna, Varpenietin, Gypsinu, Polytrema miniacetim, AmpkisUffina, and 
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Heterodegina, Echinid spines, Serpula, and nodular Lithothamnian, The small organisms and fragments 
are coated hy numerous, thin successive layers of crystalline dolomite which cements them together. 

(535a), Length 425 millims. Greyish-hrown, very hard and dense, dolomitic rock, compact to porous, 
with irregular hollows. Many casts of corals, for the most part replaced by crystalline material and very 
obscurely shown. PocilJo])ora, Seriuhpom, Ca^hrin, Asinm^ Ma^irej^ora, and Montipora. Alcyonarian spicules. 
Millepcra, Foraminifera not distinguishable, beyond encrusting Polytreina planum^ Cliona borings. 
Branching Lithoihamnhn, very common. 

(536a). Length 337 millims. Rock similar to the preceding. Many casts of corals ; they are, as a rule, 
small forms belonging to Sh/U^)lio/% an Astraean, Madrepora^ Montipora, Pontes arenom, and Adrceopora, 
Only (h'hifolUfji, Polyttrma, and A niphvitegina recognised with a lens. Much branching and fragmental 
Liihoihamnion. Casts of gastropods. Alcyonarian spicules. 

(537a, 538a) [805]. Total length 305 millims. Greyish to greyish-brown, compact to minutely porous, 
occasionally cavernous. Casts of small corals; 7^(W//oy>om, Setiaiopora, Adrcea, Orbicella pleiofle^f EhLlS, 
Miulrqwra, Pontes. Alcyonarian spicules. Fragmental materials with Miliolina, OrJtiMUi's, Gamlri/inaj 
Carpentaria (?), Pobjtremn miniaceum, and A m])histe/fina. Echinid spines. Halimeda. Encrusting and 
Branching Liihoihanmion. 

(539a, 540a). Total length 382 millims. Greyish rock, like preceding. Numerous casts of corals. 
Stylopkora, Podllopora, Orlfir^Ua pleiade.^, Ma^Irepora, and Poritea arenostt. Detrital materials with Orbitolites 
and Polytrema. Lithothamnioii, Casts of lamellibranchs. 

(54 L\, 542a). Total length 294 millims. Greyish-brown, very hard, generally compact, dolomitic rock, 
with some irregular hollows. Casts of corals as in preceding cores ; for the most part the corals are 
replaced by crystalline dolomite. Stylophom, Porilloporay Orbicella pleicule^, Astraean, Miulrepora, and Porites 
arenom. The only foraminifera recognised are OrhitMte^ and Awphisiegina, Echinid spines. 5tfrpM/a-tubes. 
Casts of lamellibranchs. IMim^ffn-ioints, Encrusting and branching Lithothamnion. 

Depth from Surface, \0lb-l02b feet ; Distance Bored, \Ofeet; Total Length of Core 

Obtained, S feet 3 inches; Numbers of Cores, 543a-564a. 

Solid cylindrical cores of whitish, greyish-white to greyish-brown, hard, dolomitic 
limestone, partly compact, partly porous with irregular cavities. The character of 
the rock is very similar to that of the cores immediately above ; corals are present 
throughout, sometimes sulWciently numerous to form the larger part of the rock, 
while in other portions they are few, and small in proportion to the minute detrital 
fragments and foraminifera. They are, as usual, replaced by crystalline dolomite and 
scarcely recognizable. The following genera are present : Stylophm^a and Pocillopora, 
both very common, Coeloria, Astrrea, Orbicella, Fungia, Sidera^trcea, Madrepora, 
Porites, Montipora, and AstrcBopora (?). Millepora, alcyonarian spicules. The 
foraminifera include Textularia, Orbitolites, Carpenteria, Pulvinulina, Grypsina, 
Polytrertut and Amphistegina, Echinid spines, casts of gastropods and lamellibranchs. 
Halimeda-^ointH and Lithothamnion, 

Detaii^s. 

(543a-546a). Total length 304 millims. Greyish to greyish-brown, compact to porous. Mainly of corals, 
partly porous, partly infilled and replace<l by crystalline material. Styhplu>ra, Podlhpora, large Ccelcria in 
position of growth ; Porite.'^ and other forms not determinable. Millepora, Orbitolites, Amp/mte^na, Echinid 
epines. Casts of gastropods and lamellibranchs, Lithothamnion, 
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(547a-550a). Total length 382 raillims. Greyish to greyish-brown, hard, cavernous rock. In the 
lower half the cores are mainly of coral casts. Siyhphora^ Porilhpora, Mivdrepora^ Pmite.% and Astrceopora, 
Orbiiolife.% and A mphiMegina, Echinid spines. lAfhofhamnian. 

(551a-553a) [806]. Total length 394 millims. Greyish-brown, in upper portion, cavernous, in lower, 
compact to minutely porous, dolomitic rock, very crystalline. It consists of corals and -coarse detrital 
fragments of organisms, all greatly obscured. Casts of Sti/hphora, Podllopora^ Asfrcva, Orhir^Un pleiade.% 
Madrppara, and Pontes. OrJniolik.% Gypfnna itUi(erenSy and Amphistegina, Echinid spines. Halimeda, 
branching Lifhoih^ m nion . 

(554a, 555a). Total length 211 millims. Mottled greyish-white, minutely porous, with irregular hollows. 
Chiefly of coral casts. Sfj/Iophora, l^rge, Cceloria, in position of growth ; Sideraatrira (]), Pontes, Somewhat 
coarse detrital materials, with Orbifoliie.% Polytrema planuiii, Amphistegina ; casts of lamellibranchs and 
turretted gastropods. LUhoihamnion. 

(556a). Length 193 millims. Greyish-brown, partly compact, partly porous, with irregular hollows. 
Largely of coral casts. Simple cylindrical Astriean, Pontes airnosa, Montipora^ Milltpora, OrbitolUeSy 
numerous, Poh/trema plannm, A)fiphu<iegina, LUhothamniim. 

(557a-559a). Total length 225 millims. Mottled greyish-white to brown, cavernous. Largely of coral 
casts. Cylindrical Astraean, Fungia, Madrepora^ Monitpora or Poriteti. Corals overgrown by Polytrema 
planum, Detrital materials with Orhitolite^^ Gypnua^ A mphUtegina -^ echinid spines, casts of lamellibranchs 
and gastropods, and Lithothatnnwn, 

(560a-561a). Total length 391 millims. Whitish to mottled greyish-white, porous, with irregular 
hollows. The upper two-thirds consists of corals and coarse fragmental materials, the lower third prin- 
cipally of finer detritus with some corals. Stylaphora^ PociUojtora, Asira'a, Matbrpora, and Montipora. Coral 
casts encrusted by PoJyirema phnmm and Lithotfiamnhn. OrhifoJifef<, Carpcnferuiy and A mphisfegina. Casts of 
lamellibranchs and gastropods. 

(562a-564a) [807]. Total length 277 millims. Whitish, hard, fine-grained, minutely porous, dolomitic 
limestone, with occasional hollows. Numerous casts of Porillopora, simple Astravin, and Montipora. A 
microscopic section shows that the rock is chiefly a fine organic sediment cemented by crystalline dolomite. 
It contains OrbUolife.% Te^rtularia rugosa, Carpenieria^ Pnlvinulina^ Gypdna inh(Eren^y Polytrema minuiceum, and 
Amphistegina, Echinid spines. Small alcyonarian spicules. LeptorUnum stellates. Fragments of 
LiihotJiamnion, Casts of gastropods. 

Depth from Surf ace , 1025-1034 ^ee^; Distance, Bored ^ 9 feet; Total Length of Core 

Obtained, % feet 10 inches ; Nnmhers of Cores, 565a-583Ai. 

Solid cylindrical cores of greyish- white to greyish-hrowu, hard, dolomitic limestone. 
The rock is in part porous, in part compact, and it is not infrequently cavernous or 
with small irregular hollows where, as a rule, corals have been partially destroyed. 
In general character the rock resembles that above ; many of the cores are largely 
composed of coral casts and the areas between are filled with foraminifera and 
somewhat coai-se organic fragments which are cemented by crystalline dolomite. 
With the exceptions of Fungia and Siderastrcpa, which have not l)een observed, the 
same genera of corals occur as in the preceding, the commonest forms being 
Pocillopara, Cceloina, Orhice/Ia, and Porites, Millepora and Lobophytum still 
continue. Excepting Textularia and Pulvinulina, which were not observed, the 
cores contain the same genera of foraminifera as those above, with the addition of 
lleterosteyina^ which is here very common. The detrital fi*agments are likewise the 
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same as those last noted ; Halimeda only occurs sparsely. Cliona borings are 

present. 

Details. 

(565a). Length 313 millims. Greyish-white, minutely porous, with some irregular hollows. Coral casts 
present throughout. P)ionnsfrfra magnific/i ; conical or cylindrical corals, growing either singly or in small 
clumps, Mcuhrporaj Monfipora 8,nd Poriie.^ (]). Alcyonarian spicules. (^h'Mfoliie.% PoJi/frema planum^ Amphidegina, 
Casts of lamellibranchs and gastropods. Fragments of LifJtofhnmnwn. 

(566a, 567a). Total length 265 millims. Greyish- white, porous. Casts of Porilhpora, simple cylindrical 
Astrasan, Mcuireporay Porites, Alcyonarian spicules. Greater part of core consists of detrital materij'.h with 
Orbitolite^, common, Carpenieria, Aviphistegimi. Echinid spines. Casts of lamellibranchs and gastropods. 
Lithothamnion, 

(568a). Length 294 millims. Greyish-white, porous, with irrej^lar liollows. Largely of coral casts, 
Poeilhpora, Orhirdla, cylindrical Astraean, Miuhepora, Porites common. Alcyonarian spicules. Detrital 
fragments with the same genera of foraminifera and other organisms as in the preceding. Infilled Cliona 
borings. 

(569a, 570a). Total length 363 millims. Greyish -brown, compact to minutely porous, efflorescent in 
places. Chiefly of corals. Pocillopora, Ccehria, Astraean, Moffrepora, Pariffs common, and Astrcpopora. 
Millepora, alcyonarian spicules. Carpmffrin, Amphvyteginn ; casts of lamellibranchs and gastropods ; 
bran ching Lithotha m n ion . 

(571a, 572a). Total length 303 millims. Greyish-white, porous, and cavernous. Cores chiefly of corals, 
Porillopora^ ddoria^ Orhurlhi plmub's^ and MadniKtm. Milhpora, mass of LolKyphfitnm^ and detached spicules. 
Polytrerna planum fi,rid A mphiskgina. Echinid spines. Casts of gastropods. Bvanchuig Lit Icof ham nion, 

(573a-575a) [808]. Total length 151 millims. Greyish-white, porous. Largely of coral casts. 
Pocillopora^ Orlncflla plnaih':^^ Madr<qfora and Asfrrvopma. MiJIejfora, alcyonaiian spicules. Orlntolitesy 
Caipenteria, Gf/psina, AmphisieginUj and Hdeivdeginu ; echinid spines. i-Hona borings. LUlmthamnion, A 
microscopic section of the .Isfrfopora shows that the coral structure has been replaced by crystalline 
dolomite, while the original intei spaces are now either infilled with consolidated sediment or are merely 
lined with crystals. 

(576a) [809]. Length 316 millims. Gieyish-brown, speckled, minutely porous, hardly any hollows. 
One or two examples of PiH-Wopora and OrhicfUa plriat/es : the rock, excepting these coral casts, is throughout 
of minute organic fragments with (h'hi/oliffs^ common, Carpcnteria^ Calcanna^ (rt/p,Kina vcsiruluris, Polyirema 
niiniaceumy A mphidrglnu^ and llHmtdeglna^ common. Echinid spines. Casts of gastropods. Ilalimala and 
fragments of TAthothanniiou. Many of the small irregular detrital fragments are now without structure, 
being replaced by crystalline <lolomite ; it is possible that they are altered pieces of corals. The fragments 
are cemented into hard rock by crystalline dolomite. 

(577a, 578a) [810J. Total length 248 millims. Greyish -white, speckled, minutely porous. Numerous coral 
casts ; PorilJoporay Cnhma^ Asfrfm. (hJnn'Ua pUnaih'^^ and Mii/hcpora cimtcrfa, Alcyonarian spicules. 
Somewhat coarse fragmental niatei'ials with Orhifolif^'.^, Cnrpi-nfrna^ Ggpima, Pohjtrema planum ^ AmphUlegina, 
and IL'tf^rodcgina. Echinid spines. Fragments of Lithofhamnhn. 

(579a-582a)[600]. TotiU length 298 millims. Greyish-white to greyish-brown, compiu-t to porous. Largely 
of corals belonging to Sff/lojfhora, Parilhtpora^ and (Urlorin. Somewhat coarse detrital materials containing the 
same foraminifera and other organisms jis in the preceding core. 

(583A|). Length 127 millims. (4reyisli-brown, mirnitely porous, with a laigc hollow extending the 
length of the core, where part of a large specimen of Orhln'Ua has been removed. About half the core 
consists of detrital materials with Orhi/oiiffSj Polytrrmn planum and Amphiatcginn. Pjchinid spines. 
Halimeda^ IMhotham n i(/n , 
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Depth from Snrface, 1 034-1 044^ /ee^ ; Distance Bored, 10^ feet ; Total Length of Core 

Obtained , 10 feet 5 inches ; Numbers of Cores, 583Ao-i394A. 

Solid cylindrical cores of greyish to greyish-brown, hard, dolomitic limestone. The 
rock varies from compact to minutely porous, with occasional hollows. Casts of 
corals are generally present, in some cores they predominate, while in others the rock 
consists chiefly of small organic fragmentary materials with foraminifera. The corals 
for the most part belong to the same genera as in the preceding cores : Stylophora, 
Pocillopora, Seriafopora, Astrcea, Cceloma, Orbicella, Madrepora, and Potites ; also 
Millepora and alcyonarian spicules. The foraminifera comprise Miliolina, Orbitolites, 
Textidaria, Calcarina, Gypsina, Polytrema, Amphistegina, HeteivstegitHt, and, rsLrely, 
Cycloclypeus. Echinid spines. Casts of gastropods and lamellibranchs, including 
Lithodomus ; Halimeda, and Lithothamnion, Borings of Cliona. 

Details. 

(SSSA-i). Length 143 millims. (Treyish-brown, minutely porous, with irregular hollows. Casts of 
PociUopora, Antrim, and IWifes airnoM. Larger part of coi*e of fragmental material, with Orbiiolites and 
Aifiphisft'f/ina. Echinid spines. Casts of lamellibranchs. Lithothamnion. 

(e^84A) [811]. Length 334 millims. (4reyi8h, hard, minutely porous, with a few hollows. Coral casts 
small generally -, they belong to PocilJopora, Seiiatopom, Astnm, Orhirella plria/ffs, Madrepora, and Pmites, 
Millepora. Alcyonarian spicules. The larger part of the core consists of somewhat coarse fragmental 
materials, with Oi'UtoUien rompJanatu, Textularia, Gypdna inharens, Pohjtrema, A mphvit^^ina, Ueterostegina, 
and Cydoclypem (worn specimen seen in the microscopic section). Echinid spines. Casts of gastropods 
and lamellibranchs. Lithothanmum . The interspaces between the fragments only partially filled with 
the crystalline dolomitic matrix. 

(585a). Length 722 millims. Greyish to greyish-brown, speckled, hard, minutely porous. The core 
has been divided transversely into five pieces of about equal length. The rock is practically of the same 
character throughout; it is very largely of somewhat coarse fragmental materials, with foraminifera 
and casts of small corals, not occupying much space. They belong to Styhphora, Pocill^)ora, Seriatapara, 
Ccel^rria, and Poiit^'it. Millqma. The foraminifera include Orhitolites, Gijpsina, Polyfrema, Amphistegina 
and Het4n'ostegina. Echinid spines. Casts of shells and Lithothamnion in small fragments. 

(586a). Length 140 millims. Greyish-brown, minutely porous, and cavernous. Rock mainly of coral 
casts. Stylophara, Pocillopora, Orhirella, Polytmna, Amphistegina, and Heteiostegina. Casts of lamellibranchs, 
Lithothamnum. 

(587a). Length 286 millims. Greyish-brown, minutely porous, and with irregular hollows. The 
upper half of this core is mainly of casts of (Jibirella, with some Scnatopora, while the lower part is chiefly 
fragmental, with the same foraminifera and other organic remains as in the core above. 

(588a). Length 172 millims. Greyish-brown, minutely porous, with irregular hollows. Largely 
of coral casts, some hollow, others solidly infilled with crystalline dolomite. The corals belong to 
Styhphora, Pocillopora, OrUirlla pleiades, and Caloria. Orbitolitefi. Casts of lamellibranchs. Lithothamnion. 

(589a). Length 90 millims. Greyish-brown, porous to compact, large hollow where coral has been 
in part removed. Core principally consists of casts of Pocillopora and Lkel&ria. Alcyonarian spicules. 
Echinid spines. Orhitvliies. Cliona borings. 

(590a) [812]. Length 377 millims. Greyish, speckled, fine-grained, minutely porous to compact. With 
the exception of casts of Pocillopora and (h'bicella pflciades in the upper part, the core is nearly altogether of 
fine fragmental materials, with foraminifera, alcyonarian spicules, echinid spines, casts of gastropods 
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and snuill pieces of corals, and Lithothamnum^ cemented by crystalline dolomite into a very hard rock. 
The foraminifera include MUioiina, Orlnfolites complanata^ Texiularia, Calmrinu, Chjpsina, Polytrema, 
Aiaphisieffinaj and CijchhiijiHius, 

(591a). Length 172 millims. Greyi8h-})rown, speckled, compact to porous, cavernous in places. 
Hollow casts of Sitfhqthom, also casts of PocilhjH/m throughout the core, probably in position of growth 
some are very much riddled with Cliona borings. Mu4he/»ora. OrUtvlifes abundant ; (iypdna^ Polijtreina 
planum^ and AmphhU'tiina, Echinid sjjines. Casts of gastropods. Encrusting and fragmental Litho- 
thamnion. 

(592a). Length 271 millims. Rock similar to preceding. Casts of PocillojM/ra, numerous, some hollow, 
others solidly infilled with crystalline dolomite. Cw.loria, OrbiccUa, Pontes artnosd, and other perforate 
corals. Fragmentaiy mateiials, with foraminifera and other organisms similar to the preceding, with 
Ualinieda in addition. 

(593a, 594a) [813]. Total length 405 millims. Greyish-brown, speckled, hard dolomite. As in the 
two cores above, the principal coral here is Pocillopora, mostly as hollow casts, greatly riddled by Cliorui 
borings ; other examples are solidly replaced by crystalline dolomite ; Stylophora accompanies it ; the 
corals not infrequently are overgrown by Poh/frfntu planum. Simple cylindrical Astrsean, also Pontes, 
MiUepora and alcyonarian spicules. The fragmental part of the rock contains the same foraminifera 
(except Textulaiia and Cydoctypeus)^ and the same detiita! organisms as No. 590a. HnJiinnh, showing 
structure, not uncommon. 



Depth from Surface, 104:4:^--\0d3 feet ; Distance Bored, 8j^feet; lotal Length of 
Core Obtained, 7 feet 7 inches; Numbers if Cores, 595a-607a. 

Solid cylindrical cores of greyish to greyish-brown, hard, dolomitic Hmestone. The 
rock is hi part compact, in part minutely porous, with hollows occasionally. Corals 
are present in all the cores, but generally they are small, and the cores frequently 
consist, to a very large extent, of the fragmental materials previously mentioned. In 
some cores, however, the corals predominate. The genera present are Stylophoi^a, 
Pocillopora, Seriatopora, Astrcea, Orbicella, Madrepora, Pontes^ and an undetermined 
perforate form. MiUepora and alcyonarian spicules still occur. The fragmental 
materials are generally fine-grained ; the following foraminiferal genera are included 
with the other organisms : Orbitolites, ffypsina, Polytrema, Ainphistegina, and 
Heterostegina. Echinid spines, casts of lamellibranchs and gastropods. Cliona borings, 
Serpula-iViheSy Halimeda, and LithothaTunion likewise occur. Crystalline dolomite 
cements the various fragmentary materials into a very hard rock. 

Details. 

(595a, 596a). Total length 218 millims. Greyish-brown, porous, cavernous in places. Coral casts 
fairly numerous ; Stytophora, Pocitloix/ra, Ortncella, Miuirejn/ra, and Porite.^, Alcyonarian spicules. The 
detrital materials contain the s^ime foraminifera and other organisms mentioned above. 

(597a). Length 305 millims. KSpeckle^l, greyish-brown, compact to minutely porous. With the 
exception of casts of Seriat^ypom, and of a small Madrepora, the core consists of foraminifera and detrital 
materials. OrhUolites abundant, Polytrema and Awphiateyina, Echinid spines. Halimeda, £ncrusting 
and branching lAfhothamnian, 

(598a). Length 192 millims. Greyish, hard, compact to porous, cavernous in places where corals have 
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been removed. Numerous casts of small corals are distributed through the core, including Podllopara^ 
Seriatopara, and Madrapora, surrounded by thick layers of Polytrevui itJamim, with others not determinable. 
Millepora. Alcyonarian spicules. Orhifolitea^ G^jipdjui, Amplmtefiwa. Echinid spines. Cast^j of lamelli- 
branchs and gastropods. LUhothamnion. Cliatia borings. 

(599a, 600a). Total length 274 millims. Speckled greyish-brown, fine-grained, compact to porous 
dolomite, with occasional hollows. Casts of small corals ; Sft/hphora, Podllopoi'a, Seriatapara, MadreporUy 
and undetermined perforate corals. Alcyonarian spicules. Detrital materials, including the same 
foraminifera and other organisms as in the preceding core, with the addition of Hefnostegina. 

(601a). Length 269 millims. Rock similar to preceding. Casts of small corals l)elonging to Stylophcra^ 
Seriatopara, Astrim and Pontes. The larger part of the core consists of foraminifera and fragmentary 
detritus; Orbitolite.<, Polytreina luxd Ainphutegirw,. Echinid spines, Sapula-iwha^. Lithothaninian, 

(602a). Length 150 millims. Speckled greyish-brown, minutely porous. At the top of the core there 
is a cast of Stylophora ; with this exception the rock consists of the same foraminifera as in the preceding, 
with the addition of Gypdnu. Echinid spines. Fragments of Lithothaiiim</n. 

(603a) [814]. Length 205 millims. Rock like preceding. Cfvst of small Adnxa and MUhpora, 
Alcyonarian spicules. Core chiefly of foraminifera and fragmental materials. OrhitolUeSy Carpenieria, 
Poly trei/ia planum, prominent, Gypdnu inlmremH, Aiiiphistegina and Hefrrosfryina. Echinid spines and plates, 
common and well preserved. Fragments of LWwthamnion. HaUnwda. 

(604a, 605a). Total length 256 millims. Rock similar to preceding. Casts of small examples of 
StylopJiora, Pocilkqma and Pontes, MiJlepwa, Corals generally surrounded with Pohjtrana planum, 
showing the structure distinctly. Laiger part of core consists of 0-rhitolites^ Aiuphiiyteginu, casts of gastropods, 
and fragments of LitlioUiamnwn. Cliona borings. 

(606a) [815]. Length 252 millims. Greyish-brown, mottled, poroas, with occasional hollows. Core 
largely of corals : Pocilhpora, Astrmi, and a perforate coral, which I have not been able to determine. 
Corals encrusted by thick whitish layers of Polytremu planum. Alcyonarian spicules. The foraminifera 
include Orbitoliies, Planorbulina, Carpentetia, Aiapkisteyina, Heierosfryinu, as well as the Polytremu mentioned. 
Echinid spines. Casts of lamellibranchs. Lithothamnion. 

(607a). Length 148 millims. Greyish-brown, minutely porous, with occasional hollows. Siyhphora, 
Pocillopora, Orbicella. Thick layers of Polytrema planum. Echinid spines. Amphisteyina. Liihothamnum. 



Depth from Surface, 1053-1066 ^ee/. ; Distance Bm^ed, 13 feet; Total Length of Core 

Obtained, 9 feet 9 inches ; lumbers of Cores, 608a-627a. 

Solid cylindrical cores of greyish, greyish-white to greyish-brown, dolomitic lime- 
stone ; from about the horizon of 1060 feet there is a less (imount of magnesian 
carbonate in the lock than previously ; as a consequence of this, the foraminifera are 
much better preserved, but the corals continue in the satne unfavourable state of 
preservation ; they have been either partially dissolved away, or they are replaced 
and infilled with crystalline matrix. The cores are frequently cavernous, and the 
hollows are lined with concentric layers of crystalline calcite and dolomite. Corals 
are generally distributed in the rock, but not equally ; in some cores there are only 
a few small casts, while in others the rock is to a large extent composed of them. 
They belong to Styhphoixt, Pocillopora, Seriatopora, Astraean, genus undetermined, 
Orbicella, Psarnniocora, Madrepora, Montiporu, and Po^ntes. Lobophytum and 
(ietached alcyonarian spicules. Foraminifera are very numerous and well shown ; 
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they comprise MilioUna, Orhitolites, Textularia, Glohige/nnay Planorhnlina, Car- 
penteria, Calccmrta, Gjjpshta, Polytrema, Amphisteyina and Heterostegina. Echinid 
spines. Casts of gastropods and lamellibranchs. Litlwthamnion, In one of the 
cores there is a fragment of fish-bone or spine, the first and only fragment of a 
vertebrate skeleton which has been met with. 

Details. 

(608a). Length 240 millims. Greyish-brown, compact to minutely porous, with ca few small hollows. 
Casts of small corals fairly numerous ; StjiJophora^ Pocilloporiiy Orhkdla^ }[a4repora and Pontes. The 
foraminifera belong to Orln/oJifc.'i^ (hipdmi, Pohftrfma and AinphiM^gina, Amongst the fragmentary materials 
there are echinid plates and spines, small giistropods and Liihothamnian. 

(609a, 610a). Total length .^22 millims. Rock similar to the preceding, but «ilso with one or two 
large hollows. The corals and other organisms very obscurely shown. Casts of Sijilophiym^ PoriJlapora, 
Orhicdla and Poriff's. With the exception of OrUfolite,% which was not observed, the foraminifera and 
the other fragmentary organisms are the same as in the core above. The cavities lined with banded 
crystalline dolomite. 

(611a-617a), Total length 071 millims. Rock greyish-brown, hard, crystalline and compact, and in 
places very ciivernous. By far the larger part of these cores appears to consist of foraminiferal and 
fragmental remains ; coral casts are present occasionally, but they are now so altered an<l replaced by 
crystalline material, that, beyond Mcmtipiyni and a simple Astra^an, they cannot be determined. 
Alcyonarian spicules are present. The foraminifera include OrbifoHfes, Planorhnlina, Gi/p.^tinay Pohjtremay 
Amphistegina and Hdfro.<ie(jina, Echinid spines and plates ; casts of gtistropods ; fragments of 
JJihothamnion. 

(618a-620a) [601, 816.] Total length 252 millims. Greyish- white to greyish-brown, mottled, mostly 
compact, with occfisional hollows. With the exception of some layers of MonHpora^ overgrowli by 
Poltfirema planum ^ these cores chiefly consist of foraminifera, detrital fragments and fine sediment, 
with numerous minute detached rhombohedral crystals [816]. Lolpoplii/tnm and detached alcyonarian 
spicules. The foraminifera are well preserved, and show their structure in microscopic sections. The 
following were determined by Mr, Chapmax : — Milidirui^ 2 sp., OrhitoHtf,% Tfjiuhiria, Globigerinu hulloides^ 
Planorbulina larratay Carprvf^'rin^ Calrarina, Gjipdim^ Polf/hrnia, Ainphisfffjinn and Iltterodegina. Echinid 
spines. Lithdhamnwn, 

(621a) [817]. Length 245 millims. Greyish- white, compact, cavernous in places. The core contains 
some obscure casts of perforate corals, and the same kinds of foraminifera (with the exception of Te;dulariii 
and GloUgerina) and detrital organisms as in the preceding. There is also a fragment, about 20 millims. 
in length, of a fish-bone or spine. S^rjnih. 

(622a). Length 231 millims. Greyish-brown, with white flecks in places, hard, mostly compact with 
some irregiilar hollows. The core chiefly consists of casts of corals, now solidly replaced and infilled with 
crystalline dolomitic limestone. Sfiilophora, PonUopora^ simple Astra?an, MonHpora and Prnfiuiiocara. 
Lobophytuin, The foraminifera include Orhitoliha^ PlanorhuUna^ PoIf/fr^'wUf Jinplmfcgiva^ and Heterostegina, 
LUhodamns. Casts of gastropods. 

(623a) [818, 819]. Length 222 millims. Greyish-brown, compact generally, but with some porous areas 
and occasional hollows. Core largely of corals, in the same condition as in the preceding. Sfylophora, 
PoeUlapora, Seiiatopcra, Orhicella, simple Astr»an, and Psammocora with some obscure perforate corals. 
Specimen of Ijohophytum overgrown by PoJiffrnmphtnvm, the spicules in it retaining their minute structure. 
The foraminifera belong to OrhihUfrs, Carpenfnia, Calrarimtf (hjpMna^ Amphisleginay and Heterostegina. 
Echinid spines. Casts of lamellibranchs and gastropods. Nodular growths of Lithothamnion, 

(624a, 625a). Length 194 millims. Brownish-grey, mostly compact and crystalline; a few small 

2 P 
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hollows. With the exception of one or two casts of Siyhphora and Orbicelln^ the cores are chiefly 
foraminiferal and detrital. The same foraminifera as in the preceding core, except Carpenteria and 
Calearina^ which were not noticed. Sfrpnla-iv}>e», Cliima borings. Encrusting and nodular Lithcihamnion, 
(626a, 627a). Total length 356 millims. Greyish-brown, flecked with white, for the most part compact 
and crystalline. There are some casts of Porillopora, simple Astraean and perforate corals, too poorly 
preserved for identification, in the lower core, but the larger part of the rock consists of foraminifera and 
detrital organic fragments. Orhitdites and Awphistegifia are very numerous; Gypsina^ Polfftrenia^ and 
Htierostegifui are also plentiful. Casts of gastropods. 



Depth from Surface, I06G-1075 feet ; Distance Bored, 9 feet ; Total Length of Core 

Obtained, 7 feet 9 inches; Numbers of Cores, 628a-643a. 

Solid cylindrical cores of gieyish-browu, hard, generally compact, dense and 

crystalline, dolomitic limestone. With few exceptions the rock is somewhat poor in 

cordis, this may in part arise from their having been removed or replaced by 

crystalline dolomite ; those that remain are frequently so indistinctly preserved that 

it is not practicable to determine the genus to which they belong. As a rule, the 

corals are only small casts of Stylophora and PociUopora, with larger S[)ecimens of 

Orhicella ; th^re is also an example of Eiiphyllia or an allied genus in one of the lower 

cores, the first form of this group which has been met with. Perforate corals are not 

uncommon, but except Madrepoi^a they cannot l)e recognised. Millepora is not 

infrequent, and alcyonarian spicules are very numerous throughout these cores. The 

great mass of the rock consists of foraminifera and other detached organisms and 

fragments which are cemented into solid rock by crystalline dolomite. The 

foraminifera are of the usual types : OrbitoliteSy TextnlaAa, Carpenteria, Gypsifuiy 

Polytrema, Amphistegina, Heterosteginay and one imperfect specimen is considered by 

Mr. Chapman to be a Cycloclypeus. Echinid spines. Lithothamnion, encrusting and 

in nodules. 

Details. 

(628a). Length 357 millims. Greyish-brown, compact to minutely porous, with occasional hollows 
where corals have been dissolved out. This core consists chiefly of corals, belonging to Stylophora, 
PorUlopora, a specimen of OrhireUa pleiaJes, 160 millims. in height, simple Astrsean, Madrepora (1) and other 
perforate corals. Millejtora, also alcyonarian spicules. The foraminifera include Orhitoliie^, Textularia, 
Gypsina, Polytrema, and Amphlstetjimi. Echinid spines. Lithoihamnian. 

(629a) [820]. Length 113 millims. Greyish-brown, crystalline dolomite, similar to the preceding. 
The rock is almost wholly foraminiferal and f ragmen tal, and the organisms are similar to those in the 
preceding core, with the exception that Texfularia docs not occur, whilst fragments of Carjteniena are 
present. Alcyonarian spicules. 

(630a). Length 215 millims. Greyish-brown, compact to minutely porous. Casts of PocUlojtora, simple 
Astrsean, and fragments of perforate corals. Alcyonarian spicules abundant. Greater part of con 
foraminiferal and detrit-al, with OrMolUe.% Polyfmmiy Amphiste^'na, and Heieroiikgina, Fragments c 
LUhoihamnum, 

(631a-633a). Total length 276 millims. Rock similar to preceding. Casts of Porillopora and 
perforate corals, which are now replaced and infilled with the crystalline dolomite. Alcyonarian spicul 
foraminifera, and Lithothamnum as in the preceding core. 
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Madrepora and other perforates. MiUepora, alcyonarian spicules, abundant. Foraminifera, shown in 
microscopic sections, belonging to Qrbitolites, Carpenteriay Gypdim inhcerens, Polytrema planum^ and 
Amphistejina. Clioiui borings. LUhotluimnion, 

(645a). Length 103 millims. Brownish core, compact to porous, with large hollows where perforate 
corals have been removed. Rock now principally of crystalline dolomite, only alcyonarian spicules can be 
distinguished in it. 

(646a) [823]. Length 379 millims. Greyish-brown, mostly compact, with one large and some smaller 
hollows. In most of the rock the organisms have been replaced by the crystalline dolomite ; the only coral 
recognised is a portion of a small Fungui, but there are traces of other forms. Alcyonarian spicules. The 
same foraminifera as in the preceding core (644a) (with the exception of Vaipeniiria)^ and in addition, 
Planorbulinu, Puhinuiina and Calmrina, p]chinid spines. Casts of gastropods. Ilalinwda. Encrusting 
Lithothamnion, 

(647a). Length 230 millims. Rock similar to preceding. A few hollow spaces, due to the removal of 
corals, the larger part of the core consists of foraminifera and fragmental material cemented by crystalline 
dolomite. Planmhnlma, Poh/trema and Am2)hhkgina are the only forms recognisable with a lens. 
Echinid spines. 

(648a). Length 540 millims. The core has been cut transversely into foiu* pieces. The rock is hard, of 
a light greyish-brown, in places speckled white, compact generally, but in certain areas porous and with a 
few hollows, where corals have been present, these spaces are now surrounded by the Polytrema planum and 
LUlwfluimmony which originally encrusted the corals. The only forms distinguishable are Styloplm-a and 
Seriaiopaia. The core appears chiefly to consist of Orbifolifes, Planorlnilhta, Amphiateg'ma, Ilettrosf^gina, 
together with echinid spines. 

(649a). Length 308 millims. Greyish-brown, porous, with numerous irregular hollows, which are lined 
and pfirtially infilled with the banded crystalline dolomite. The only organisms recognisable with a lens 
are Sei'latapata, fragments of perforate corals, and Millepom, Amphiste(jina. Echinid spines and 
Lithothamnion. 

(650a-652a). Total length 260 millims. Rock like preceding. Casts of Stylaphoiay Pocillopora^ OrbiceUa, 
and simple Astrsean coral. Corals encrusted by Polytrema planum and by Lithothamnion. Cliona borings. 

(653a, 654a). Total length 175 millims. Rock similar to preceding, very cavernous. Casts of Stylcphora^ 
Seriatopaia and Orhicella plei^ules. Amphii>tegina, Lithothamnion, 

(655a, 656a). Total length 201 millims. Greyish, hard, compact to porous, with occasional hollows. 
Casts of Stylophma^ A strata (?) and perforate corals. Orlntolite.% Polytrema (?) and Amphistegina. Eehinid 
spines, LUIvothamnum. 

(657a, 658a). Total length 127 millims. Greyish-brown, porous in part with occasional large hollows. 
Casts of Astrsean and of perforate coral. Milleporuj Amphistegina^ Lithothamnion. 

(669a). Length 263 millims. Greyish-brown, porous and cavernous. Probably corals oiiginally occupied 
most of the hollow spaces, but only Senutapora and traces of perforate corals are now distinguishable. 
Textnlaria, Echinid spines. Several casts of lamellibranchs. lAthofhaianion. Rock highly crystalline. 

(660a, 661a). Length 235 millims. Rock like preceding. The crystallisation has obliterated nearly all 
the organisms except echinid spines. 

Depth from Surface, 1087-1100 /ee^; Distance Bored, IS feet; Total Length of 

Core Obtained 12 feet 2 inches; Numbers of Cores 662a-682a. 

Solid cylindrical cores of grey to greyish-brown, hard dolomitic limestone. The 
rock is in places minutely porous where small organisms or fragments have been 
removed, and frequently cavernous, or with large hollows arising from the removal of 
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corals, or molluscan shells. The upper cores are generally very similar to those 
described above ; the rock is very crystalline, and the organisms — both corals and 
foraminifei'a — ai-e nearly obliterated. In the lower 5 feet of this part of the boring 
corals are more numerous, but still in bad condition. The genera present are 
Stylophora, Podllopora, Cceloria, Orhicella, Astrcea, Fungia, Madrepara, PoriteSy 
and other perforates. Millepora, alcyonarian spicules. Foraminifera and fragmental 
material form the larger mass of the rock in the higher cores, while in some of the 
lower they are subordinate to the corals. The following have been recognised : 
Miliolina, Orhitolites, l^extularirty Planorbuli7ia, Carpentenciy CalcaHna, Gypmna, 
Polytremcty Amphistegina, and Ileteivstegina. Echinid spines. Serpula-tv^yef^, 
Casts of gastropods and lamellibranchs. Halimeda (not common), Lithothatnnion. 

Details. 

(662a-664a). Total length 346 millims. Greyish-brown, dense, dolomitic limestone, with occasional 
hollows. Organic structures largely obliterated ; the only forms recognisable with a lens are AiiiplmtegirM, 
Fohjtremay echinid spines, and fragments of LWwthamnum. 

(665a) [824]. Length 196 millims. Greyish-brown, compact to porous. Organisms very indistinct, 
apparently almost entirely foraminifera and fragmental d^bis ; only a small branching Madrepora shown 
in the section, together with OrbUolUeSy 2'exiidaria ragosa^ Calcarina, Gijpsirui inlimejis^ Amphidegina, echinid 
spines, and casts of lamellibranchs. Halinieda, fragments of Lithothainnurn. 

(666a-667a). Total length 246 millims. Rock like the preceding. Specimens of Orlncella pleiades 
throughout the cores. OrbitolUes^ Amphidegina (numerous). Echinid spines, casts of lamellibranchs, and 
fragments of Lithotluimnion. 

(668a). Length 228 millims. Speckled, greyish -brown, hard, porous. The only remains of corals 
recognised are casts of a small perforate, the core principally consists of OrhitoIiteSj Polytreina planum^ 
Amphisteginaj echinid spines ; casts of lamellibranchs and Liihothamnion. 

(669a, 670a). Length 140 millims. Rock similar to preceding. The only organisms determinable are 
OrhUolUeSy Aiiq)hisiegi7ui, and echinid spines, together with casts of lamellibranchs. 

(671a, 672a). Total length 275 millims. Greyish-brown, porous and cavernous, the hollows due to the 
removal of corals and lamellibranch shells. Casts of Aslraa, Fungia, and Porites (?) ; probably more than 
half the cores of corals originally. OrhitolUe^^ Polytreina miniaceuin, P. plaminiy Amphvttegina, and 
Heterodegina, Echinid spines. 

(673a, 674a). Total length 137 millims. Rock similar to preceding. The large hollows due to corals, 
which are now too far replaced for determination. Amplmtegina^ echinid spines. Casts of lamellibi-anchs. 

(675a) [825], Length 87 millims. Greyish-brown, minutely porous, some hollows. Cast of perforate 
coral. Alcyonarian spicules. The core is almost entirely composed of foraminifera and detrital materials. 
The microscopic section shows the following forms, determined by Mr. Chapman : Miliolinay Ch'/ntolite.% 
Textularia, Glotngerirui^ Caipentefia, Cakarina^ Gi/p$ina inhcrrenSy Polytreina planum^ Artiphisteginay and 
Heterostegina. Echinid spines. Ualirnedarjointa somewhat rare. LUhothamnion, 

(676a). Length 401 millims. Greyish-brown, porous to compact, with occasional small hollows. Casts 
of PocUhporay simple cylindrical Astrjean, Madrepora canlecta (]), and perforate corals, which are too much 
altered for determination. The larger part of the core consists of foraminifera and fragmental organic 
materials. GypsinOy Polytreniu planu/Uy Amphidsgina Lessvnii very numerous. Echinid spines. Casts of 
gastropods. Lithofhamnion. 

(677a) [826]. Length 235 millims. Speckled, greyish-brown, compact to porous, with occasional 
hollows. Core chiefly consists of coral casts, for the most part now solidly infilled with crystalline 
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dolomite. PociUopora^ Orhicella pleia<hi>^ Madnpora^ and other perforate corals. Millepai'a^ OrltitoliUs^ 
Textularia, Plunarbulina, Carpenkmi, Gt/psina inhwrem^ Folytrema pkinum, Amphistegina very common, and 
HeterostegtTui. Echinid spines and plates. Casts of lamellibranchs. Halimedu' joints. Areas of fine 
organic sediment shown in microscopic section, with stellates of Lepioclinum (1). 

(678a). Length 718 millims., divided transversely into five pieces, marked 1-5. Core greyish to 
greyish-brown, speckled, hard, compact to minutely porous, some small hollows, and in the lower cores 
(4-5) larger cavities, where corals have lieen dissolved away. The pores and hollows are lined with 
banded crystalline dolomite. Coiuls are present throughout the core, and in places they form the chief 
part of it. They l)elong to Stylophomy Pocilhpora^ Ccehria^ simple Astrjean, Madrepora^ Pmite,% and other 
perforate forms. MiUejMmi. The corals are usually overgrown by Polytremu planum and by Lifhoihamnion. 
The only foraminifera lecognisablc l)y the lens are Ofhiioliteti and AviphiMeffma. Echinid spines. Casts of 
gastropods. Halimeda (?). 

(679a). Length 282 millims. liock similar to the preceding. The core largely consists of casts of 
corals, now for the most part infilled with the crystalline matrix, and very indistinct. They chiefly 
belong to Styhphwa and Parites, with occasionally Madrepma, The corals are encrusted by Lithothamnion 
and Polytrema. Aiiiphi4egina. 

(680a, 681a) [827]. Total length 214 millims. Greyish to greyish-brown, mottled, compact to porous, 
occasional hollows. Cores chiefly of corals. Stylopharay Calotia, bored by Liihodmnu,% and Poriies, The 
corals encrusted with thick layers of Polytrema plunum. Alcyonarian spicules. In the detrital mud 
surrounding the coral casts there are Orhiiolitefi, Plan&rlmJina laiiHita, CarpenUnia^ Gypsina discus^ and 
Ainphutetjina, Echinid spines. Cliana borings. 

(682a) [828]. Length 160 millims. Greyish-brown, compact to porous, with several hollows. Core 
largely of corals. Culaiia and Ponies. Mill^pora. Alcyonarian spicules. Encrusting Polytrema and 
Litliotlmnmion. Calrarina, Amphistet/inu, The interspaces of Cwloria filled with fine sedimentary material 
containing Leptodinum stellates. Cliona borings. 

Depth from Surface y 1 100-1 11 44/ee^; Distance Bored, lA^feet; Total Leiigth of 
Core Obtained, 12 feet 10 inches; Numbers of Cares, 683a-709a. 

Solid cylindrical cores of whitish, greyish-white, to greyish -brown, hard, dolomitic 
limestone, compact to porous, cavernous in places, occasionally efflorescent. The 
cores consist largely of corals to the horizon of 1109 feet, where there is a change; 
the rock becomes whitish, more porous, and it is mainly composed of foi^aminifera, 
with only small corals here and there. This continues to nearly the bottom of the 
boring, with exceptional portions where corals are more numerous. The preponderating 
corals are of the family Astrceidce, belonging to Cceloria, Astrcea, and Orhicella. 
Other forms present are Stylophora, Pocillopora, Cyphastrcea, Fungid, genus uncer- 
tain ; Madrepora, Porites, and a perforate coral, of uncertain affinity. Millepora is 
not uncommon, and occurs in position of growth in the lower cores ; also Lobophytum 
and alcyonarian spicules. The foraminifera include MilioUna, Oi*bitolites, Textulaina^ 
Globigerina, Planorbulina, Carpenteria, Calca/rina, Gypsina, Polytrema, Amphi- 
stegina, and Heterostegina, There are also echinid spines, Serpula-tuh^^, casts of 
lamellibranchs and gastropods, Cliona borings, and Lithothamnion. 

Details. 

[683a 684a]. Total length 355 millims. Greyish to greyish-brown, mottled, compact to minutely 
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(703a) [832]. Length 329 millims. Whitish, porous, hard. Small cast of Stylojthoraj and simple coral, 
genus uncertain. Laminate Millepom traversing the core, apparently in position of growth. A micro- 
scopic section shows that the structure has been replaced by crystalline dolomitic limestone, and the 
original interspaces are now filled with fine sediment. Alcyonarian spicules. The larger part of the core 
consists of foraminifera and f ragmental materials. The former belong to Miliolina, OrbiMUes, Cai^petUeriOy 
Calcarinn, Gypdna inhcererus, Polytre^ima ininiac4tittii, P, planum, A mphishijinu, and Ileteroslegina, Echinid 
spines. Casts of gastropods and lamellibranchs. Cliorm borings. Calciaponge spicule. Lithothammon, 

(704a). Length 370 millims. WTiitish, hard, minutely porous. Only one or two pieces of perforate 
coral, (?) Madrepora, Thick laminae of MiU^poray in position of growth, extending obliquely through 
one half of the core. Lohophytuin and detached alcyonarian spicules. Thick encrusting layers of 
Pohjtrema planum, OrlnfoWcs, Carpnitfriu, and Amphvite<^na. Echinid spines. Casts of lamellibranchs 
and gastropods. (JlUma borings. Lifhothamnion, Foraminifera and fragmental materials are predominant 
in this core like as in the preceding. 

(705a, 706a) [833]. Length 228 millims. Kock like the preceding. A few corals present; casts of 
Pocillopom, simple Astrjean, genus undetermined, Madrepora and Porite.s, Alcyonarian spicules. The 
larger part of the cores consists of foraminifera and detrital materials. The most abundant forms 
lielong to OrUtolitfs^ PolyfremUj and AmplMeginUy and the less prominent to Milwlinu, Textularia rvgosa, 
Cajpenteria, Gypsinu inharens, G. dunis, and Heteroslegimi, Echinid spines. Casts of gastropod/. Cliona 
borings. 

(707a) [834]. Length 148 millims. Whitish, hard, minutely porous dolomitic limestone, with occasional 
hollows. The core consists chiefly of a number of small corals, together with foraminifera and detrital 
sediment. Casts of PociUopora and Ma^brpora. Millepora, Lobophyhnn, and detached alcyonarian spicules. 
The corals arc overgrown by Polytrema planum and by LUlwtlmumion. (h'hiiolite^^ Carpenteiia, Calcariiui, 
and Amplmtegina. Echinid spines. Casts of gastropods. 

(708a). Length 175 millims. Whitish, hard, minutely porous, with occasional hollows. Small forms 
of Stylophora^ Poc.ilhpora, simple Astraean and Ma/lrepara overgrown by Polytrema^ are fairly numerous in 
the upper part of the core, whilst the lower half principally consists of foraminifera belonging to 
OrbitolUeSy A mphisfeyina, and Heterodegina, Echinid spines. Casts of gastropods and lamellibranchs. 
Cliona borings. 

(709a) [603]. Length 85 millims. Whitish, hard, minutely porous, dolomitic limestone, like the 
preceding. With the OKception of one or two casts of small midetermined corals, which are enclosed by 
Polytrema planum^ the core is composed of foraminifera and detrital material cemented by crystalline 
dolomite. Echinid spines. OrbitMes, Teociulariay Carpentaria, Gypdnu inharems, and Aviphidegina, 
Branching LUhothmiinion, 



(4) Notes on the Cores from the Fir^t Boring '* C (Sollas, 105 Feet). 

A general description of the structure of the rock passed through in the first boring 
was given by Professor W. J. Sollas in his report to the Royal Society,"^ from which 
it appears that the site was near the sandy beach of the lagoon, less than ^ mile 
to the south-west of the village of Funafuti. The boring was carried down to 
a depth of 105 feet, through sand, coral reefs, and blocks, and its further extension 
was prevented by an influx of *' sand." 

The total length of the solid cores obtained was 7^ feet, or about 7 per cent. 



« i 



Roy. Soc. Proc.,' vol. 60, No. 367, March, 1897, p. 503. See also Section I, supra. 
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greenish. IMiopora r/FrifJm, encnisted in places by Poh/frema planum. OrhitdiU.% Sfrjmh'tiihes, small 
gastropods, branching and nodose TjitJwthammon. 

(C. 4) [301]. Length 40 millims., width 45 millims. An irregular piece of cream-coloured limestone, 
vrith Heliopara and TMhofhamnion. Fragmental materials, partly consolidated, partly as soft whitfe powder, 
with Nitberulariaj MHwIina, Orhitolife.% Phroimlina^ Gifpdnu inhwr&n^^j Polyfrema planum and Amphidegina, 
Echinid spines, Sf^rpula-tuheHj LepMinnm stellates, small gastropods, and coprolitic pellets. 

(C. 5). Length 16 millims., by 56 millims. in width. An irregular fragment of Heliapora, with encnisting 
LUhotharnnion, 

(C. 5i) [316]. Length 32 millims., width 47 millims. An irregidar, cavernous piece of branching 
LUhoihamnion, with partly cemented sedimentary material containing Orhifoliie.^ Haddonia, and Polyfrema. 
Echinid spines, Serjmla, LepMinnm stellates, and small gastropods. 



Depth fviYin Surface, 30-50 fWi ; Distance Bored, 20 feet ; Total Length of Ccn^e 

Ohtalned, 2 feet 3 inrlies ; Numhers of Cores, C. 6-C. 15. 

The cores are partly cylindrical and very cavernous, partly irregular fragments 
of cream-coloured, greyisb-whit(^ and greenish limestone. They j)rincipally consist of 
corals, masses of Ileliopora cfFndext being the commonest form, Orhicella, Psam- 
wocora, and Afo)ifipora. The corals are in part eml)edded in a fine, hard sediment 
containing Nuhecniayna, Miliolina, Orhitolites, Valvulina, PlanorhuUna, Carpenteria^ 
Grypsina inhreren.^, Pohjtrewa planum, and Amphistegina, Also echinid spines, 
Spirorhis, Leptoclinum stellates, detached calcisponge spicules ; infilled Cliona 
borings and Lithothamnion, 

Detaii^. 

(C. 6) [302]. Length 23 millims., width 53 millims. A fragment of greyish, porous limestone, composed 
of foraminifera and detrital organic materials, cemented by "conchite," or aragonite. Fragments of 
coral structure, Milwlinu, OrhUoWfs, Carptniferia, Gypsina, Polyfrema planum and AmpMsfegina, Echinid 
plates and spines, T^pfoclinum stellates, surrounded by minute pellets of calcareous mud, fragments of 
LUhothanmion, 

(C. 7) [304]. Length 16 millims. A piece of Ileliopora cwrvleuy encrusted by alternating layers of 
Pclytrema planum and Lithofhamnion, and embedded in consolidated sediment with Tjepfodinum stellates. 
Carpenieria (]). Cliona. borings infilled with fine sediment. Spicule of calcisponge. 

(C. 8). Length 36 millims., width 62 millims. An irregular nodule of greyish rock, showing within a 
dull greenish tint. Mainly a mass of IMiopora nrrulea, with Polyfrema planum and echinid spines. 

(C. 9) [323]. Length 128 millims., width 70 millims. Part of cylindrical core of cream-coloured lime- 
stone, very cavernous, mostly hard, but with unconsolidated, powdery material in some of the cavities. 
The rock mainly of Ileliopora ca^nilea, with a laminate coral of uncertain character, encrusted by Polyfrema 
and Lifhofhamni&n. Dense, hardened sediment, with Niiheculariaj Planorbulirui, Carpenfrria, and Gijpdna 
inhcerens, Lejdoclinum stellates. Calcisponge spicule. 

(C. 10) [324]. Length 123 millims., width 79 millims. Cylindrical core, very cavernous, greyish on the 
exterior, partly white, partly greenish in section. Rock similar to preceding ; a large mass of HeUopora, 
also specimen of Orhicdla, encrusted by Polyfrema planum and by Lithofhamnion. In the hardened sediment 
OrhitoliieSj VaXmdina, and Gypsina, Echinid spines, small gastropods, Ije^pfoclinum stellates. 

(C. 11). Length 25 millims., width 44 millims. A fragment of whitish-grey, hard, porous rock, 
composed of undetermined coral, Orhitolif^s, echinid spines, Halimeda and Lifhofhamnion. 

(C. 12) [325]. Length 117 millims., width 81 millims. Core cylindrical, greyish-white, with green 

2 Q 2 
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Of the loose material or " sand," which is such an important constituent of this 
boring, there were samples taken at no great depth from the surface and also near the 
bottom of the boring, at 90 feet. These consisted principally of foraminifera, which 
in the sample from near the surface aj)pear to \ye essentially the same forms as 
those of the l^each, and may have been in pail derived from the beach. From the 
other sample, and in the sedimentary materials associated with the solid cores, the 
following genera of foraminifera were determined by Mr. Chapman : Xtibecularia, 
Miliolina, Orhitolites, Placo)>siJina, Haddonia, Textnlaria, Venicnilina, Discorhina, 
Planorlndina, TrHncatulirui, Cavperiteria, Ihdinnulhia, Calcanna, Amphisteffina SLud 
Heterostegina. 

Other organisms in the incoherent materials include detached spicules of 
calcisponges, echinid spines, a single small Cidaris, Scrpnla tubes, Spirarbis, stellate 
LeptocUnuin spicules, Cheilostomatous polyzoa, small gastrojx)ds Ijelonging to 
Ringicula and Diala ; Lithodomus, Halimeda joints and small coprolitic pellets. 

Depth from Surface, 0-^0 feet; Distance Bored, 30 feet ; Total Length of Core 

Obtained y 8 inches ; Nu7yibe7\s of Cores, C. 1-C. Sj. 

The solid rock-cores from this part of the boring consist of irregular fragments of 
cream-coloured, whitish, and dirty gi'eenish limestone, hard, porous, and in places 
very cavernous. There is also a sample of loose, powdery material, chiefly of 
foraminifera, from no great depth from the surface, but as these are of the same 
character as the beach deposits of the locality, and probably are, to some extent, 
derived from them, I have not included them as part of the core material. 

The rock-cores are mainly composed of Heliopora ccendea, Orbicella, and branching 
Lithothamiiion. The hollows between the corals and calcareous algae are partly filled 
with foraminifera and sedimentary materials, either unconsolidated or cemented with 
fibrous crystals of '' conchite," or aragonite. The foraminifera belong to Nvbecula/ria^ 
Miliolina, Orbitolites, Placopsilina, Iladdonia, Carpenteria, Gypmia irduBreniSy 
Polytrema planum, and Amphistegina Lessonii, Other organic remains are echinid 
spines, Serpnla-iuhe^, Cheilostomatous polyzoa, diminutive gastropods, determined by 
Mr. Edgar Smith to belong to Ringicula and DicUa, detached stellate spicules of 
Leptoclinum, joints of Halimeda and small coprolitic pellets. 

Details. 

(C. 1). Length 45 milliras., width 75 millims. An irregular, cavernous nodule of whitish-grey limestone, 
hard, consisting principally of Heliojma, OrhirelJa, and branching Lit hatha mnioii. Echinid spines, Strpulaj 
polyzoa, small giistropods, joints of Jlalimeda. 

(C. 2). Length 35 millims., width 75 millims. Partly cylindrical, greyish, hard limestone; cavernous. 
Heliopora, with nodular and branching Lifhothamnian, In places, powdery material, with OrbiiolUes and 
Amphuteijiiui. Pohjt re ma planum, Echinid spines, Serpnla, gastropods, and Halimeda. 

(C. 3). Length 35 millims., width 68 millims. An irregular fragment, partly greyish-white, partly 
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(C. 21). Length 22 millims. A fragment of grey-greenish limestone, with Helitypora, and a perforate 
coral. Polyfrfma, Amphhtfgimiy and LifhMamnion, 

(C. 22) [317]. Length 40 millims., width 80 millims. Cylindrical core, c<ivernous. Composed of a 
group of small Fttm/ia (?), with perforate coral, Heliopara ntruka, and fragmentary material. OrhifoliteSj 
Planorhulirui, PoJijfreimi [fhmnm^ and A niplmtetjirui, Leptoclinam stellates. llaWn^uhi, abundant, Litho- 
ihamnion. 



Depth from Surfact, S0-S5 feet ; Distance Bored, 5 feet ; Total Lenyth <f Cure 

Obtained, 1 foot 1 iiich ; Numbers of Cores, C. 23-C. 28. 

The cores are partly cylindrical, partly mere fragments of whitish-grey, hard, 
compact limestones, composed mainly of corals aggregated together. Tl^ut; corals are 
very obscurely shown, owing to their interspaces being infilled wuth fibrous crystals 
or with fine sediment. The corals belong to Pocillopo^'a, AstrcBa (?), Orbicella, 
Porites (?), and Montipora, Millepora is also present. The foraminifera are repre- 
sented by Nonionina (?), Orbitolites, Uypsina, and Polytrenia. Serpula, Sjnrorbis, 
Lithodomus, lx)ring in corals. Lithoth amnion, Cliona borings. 

Details. 

(C. 23) [312]. Length 75 millims., width 77 millims. Part of cylindrical core of compict greyish 
limestone. Mainly of corals ; an Astreean and Montipora, which are encrusted by Polytrema planani and 
lAihoihamnitm. (JrUtoJites marrfin4iJi% Gypsimi inhifrens, and Nonionina (?). Serpula, Spirmiris. 

(C. 24) [318]. Length 41 millims. A fragment of hard limestone, mostly white, but in places stained 
reddish. Consists of PociUopora, bored by CW)na. The structure of the coral preserved, the interspaces 
mostly filled up solid with sclerenchyma or with fibrous crystals, and occasionally with sediment, containing 
Carpenteria, and Leptoclintim spicules. Spirorhis. Encnisting Lithothamnion. 

(C. 25). Length 20 millims. A fragment of Millepora, the pores infilled with matrix. Encrusted by 
Polytrema pkinurn. Spinning. 

(C. 26). Length 46 millims., width 66 millims. An irregular nodule of whitish-grey limestone, partly 
compact, partly porous, consisting of a perforate coral, encrusted by Polytrema and Lithothamnion. Serpula. 

(C. 27). Length 25 millims. A fragment of limestone similar to the preceding, with perforate coral, 
liored by Cliami. Polytrema minia/eum. Echinid spines. Serpulortwhas. 

(C. 28) [313, 319]. Length 111 millims., diameter 80 millims. Core cylindrical, with a large hollow. 
Principally a mass of corals ; Aatrcea, Orhii:ella, and Montipora. Corals encrusted by Lithothamnion. 
Litlwiiomns borings in Montipora. Serpula. Gypsina inherent. Outer surface of rock covered with 
small pits, and minute Spirorhis attached. 

Depth from Suiface, 85-105 feet ; Distance Bored, 20 feet ; Total Lenrjth of Core 

Obtained, I foot 11 inches; Numbers of Cores, C 29-C. 36. 

Cylindrical cores and irregular nodular lumps of hard cream-tinted limestone, with 
occasional greenish patches where Ileliopora is present. Also a sample of loose 
materials, brought up by the sand-pump from a depth of 90 feet. The solid cores 
are almost entirely of corals in fairly good preservation. They belong to the 
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tbllowing genera : — Stylophora^ Orhicdla^ Madrepora, Montipora^ Heliopora ccnrulea 
and alcyonarij^n spicules. The foraminifera recognised by Mr. Chapman, chiefly 
in the sample of loose materials, are Milioliiia, Oi^hitolites, Textnlaria, Vemeuilina, 
TruncatuUna, Cmpenteria, Pulvinuliiiay Calcariiiu, Gypsina^ Amphistegina and 
Heterostajina. 

There are also present echinid spines, Serpula, Spirarbi^, polyzoa, Leptoclinum 
stellates, small lamellibranchs and gastropods, ovoid coprolitic pellets, fragments of 
encrusting Lithothamnion and Halimeda. 

Details. 

(C. 29) [315]. Length 75 millims., width 79 millims. Cylindrical core, of hard cream-coloured 
limestone. The surface pitted in places and with Sjnrorbis attached. Entirely of corals, mainly Monivpora^ 
with pieces of Stijlophma, Miuhepom and IfeJiojpora rxnnJea, A microscopic section of this latter shows 
the minute structure as distinctly as in recent specimens. Serpula, polyzoa, Lepfoclinnm stellates and 
Lithftluininion encrusting corals. 

(C. 30). Length 80 millims., width 73 millims. An irregular fragment consisting of a mass of 
Ilflmponi nrnth'fi ; in the central portion the corallites are empty, the outer ones are filled up, partly with 
sediment. The coral covered in places with white, hard, consolidated sediment. 

(C. 31) [314]. Length G7 millims., width 77 millims. Part of a cylindrical core of hard compact 
limestone, mainly of M^yniipora, with a fragment of Orhicelh, Outer surface of core pitted in places. 
Orhitolitfi.x, yfinpJnsfnjimi. Encrusting Lithothamnion, Cliom borings. 

(C. 32). Length CO millims., width 52 millims. A rounded nodule of cream-tinted, hard limestone, 
worn by the drill. It consists of (}rhic4>lla, cf. 0, orion, Dana, in good preservation. 

(C. 33). Length 44 millims., width 46 millims. A nodule of hard, greyish-white, compact limestone, 
H)ir)wing in some parts a pitted surface with Sjnrorhui attached. The core consists of Montipora, sp., 

HJmihir to that in C. 31. 

(C. 34) [322]. Fjcngth 47 millims., width 77 millims. An irregular nodule, worn by drill, of hard 
lirriHMtofU!, coiiHiMting of OrhireUd, cf. (K orion, the same as in C. 32. The coral structure well shown in 
t,h<'. iiiicroHcopic Hcction. Encrusting Ltthothumnimi. 

((J. 35) |320|. Length 131 millims., width 74 millims. A portion of a cylindrical core of compact 
liiiMiftt.oMii, witli lilmwi half the surface pitted and Spirorhis growing on it. The core consists of a mass 
fi( I .h<« «aiiio (hhifflla as the preceding, with a small Montipora growing on it. Encrusting Lithothamnion 
In Vftiy thill niKlulating lamina. 

(U ;mI)(32I|. Lfuigth 80 millims., width 75 millims. An irregiUar nodule of the same Or^'oj//^ as in 
1 hii I wii |»f iwiidifig ronm. Spirorhis, Cheilostomatous polyzoa, Lq>tocUnum stellates, encrusting LithothamnUm, 

hainiilti lit l<»oHii iniiterialH, from a depth of 90 feet, consisting of small subangiUar piirticles of broken 
Mil whillnh liiiiimiofin, with numerous foraminifera and other organisms. The genera most frequently 
miiM««»i»iilnil lUn fhhifolitrSf J inphistcgina and Heterodegina ; other genera of less common occurrence are 
Mttittlum, I'rttulmnit rtttifinlina, Tninratuhna, Carjtenteria, Pulvinulina, Calcarina and Gi/psina, Broken 
UhM*»»***»'" "^ |Mii toiatn corals are also present, together with alcyonarian spicules, echinid spines, polyzoa, 
«m'UI imilluwMiii »ih«ill«, fragments of Halimeda, and numerous small coprolitic ovoid pellets. Microscopic 
w^lUtuo Nil «\»iM»' »•! thoHo polletH show that they are composed of minute fragments of foraminifera, corals, 
aollatp .w idi'Ui -iiitruloH, iMhMamnion, and other particles of organisms, closely packed together. 
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(C. 21). Length 22 millims. A fragment of grey-greenish limestone, with Heliopvra, and a perforate 
coral. Polytrema^ Amphistegiiva^ and Lithothnmnion, 

(C. 22) [317]. Length 40 millims., width 80 millims. Cylindrical core, cavernous. Composed of a 
group of small Fun/jia (1), with perfonite coral, Heliopara rferulea, and fragmentary material. Orbitolik^if 
PlanorbiUinaj Polytrema pkimun^ and Amphvdcfjina, LeptocUniun stellates. Ilaliumhi^ almiKlant, Litluh 
thamnion. 



Depth from Surface, SO-8 5 feet ; Distance Bo^rd, 5 feet ; Total Length of Core 

Obtained^ 1 foot 1 inch ; Numbers of Cores, C. 23-C. 28. 

The cores are partly cylindrical, partly mere fragments of whitish-grey, hard, 
compact limestones, composed mainly of corals aggregated togetlier. Tl^^ corals are 
very obscurely shown, owdng to their interspaces being infilled with fibrous crystals 
or with fine sediment. The corals belong to Pocilhpora, Astrrea (?), Orbtcella, 
Porites (?), and Montipora, Millepora is also present. The foraminifera are repre- 
sented by Nanionina (?), OrbitoliteSy Gypsina, and Polytrema, Serpida, Sjnrorbis, 
Lithodomus, lx)ring in corals. Lithoth amnion, Cliona borings. 

Details. 

(C. 23) [312]. Length 75 millims., width 77 millims. Part of cylindrical core of compiict greyish 
limestone. Mainly of corals ; an Astraean and Montipora, which are encrusted by Polytrema planum and 
LUhoihamnion. Orbiioliks niarginalvi, Gypsina M/Frens, and Nonionina (?). SerjAila, Spiroi'his, 

(C. 24) [318]. Length 41 millims. A fragment of hard limestone, mostly white, but in places stained 
reddish. Consists of PociUapora, bored by Cliona, The structure of the coral preserved, the interspaces 
mostly filled up solid with sclerenchyma or with fibrous crystals, and occasionally with sediment, containing 
Carpenteria, and Lepfoclinum spicules. Spirarbuf, Encnisting Lithothamnion, 

(C. 25). Length 20 millims. A fragment of Millepora, the pores infilled with matrix. Encrusted by 
Polytrema planum. Spirarlda. 

(C. 26). Length 46 millims., width 66 millims. An irregular nodule of whitish-grey limestone, partly 
compact, partly porous, consisting of a perforate coral, encrusted by Polytrema and Lithothamnion, Serptila, 

(C. 27). Length 25 millims. A fragment of limestone similar to the preceding, with perforate coral, 
bored by Cli/ma. Polytrema miniaceum. Echinid spines. Serpula-tvihes. 

(C. 28) [313, 319]. Length 111 millims., diameter 80 millims. Core cylindrical, with a large hollow. 
Principally a mass of corals; Astrc^a, Orhkella, and Montipora, Corals encrusted by Lithothamnion. 
LUhothmits borings in MonH^nyra. SWpula. Gypdna inharem. Outer surface of rock covered with 
small pits, and minute Spirorbis attached. 



Depth from Surface, 85-105 feet ; Distance Bored, 20 feet ; Total Length of Core 

Obtained, I foot 11 incites ; Numbers of Cores, C. 29-C. 36. 

Cylindrical cores and irregular nodular lumps of hard cream-tinted limestone, with 
occasional greenish patches where Ileliopora is present. Also a sample of loose 
materials, brought up by the sand-pump from a depth of DO feet. The solid cores 
are almost entirely of corals in fairly good preservation. They belong to the 
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following genera : — Stylophora^ Orbicella, Madrejyora, Montipora^ Heliopora carrulea 
and alcyonarinn spicules. The foraminifera recognised by Mr. Chapman, chiefly 
in the sample of loose materials, are Miliolina, Orbttolites, Textnla/ria, Vemeuilinay 
Truncatulina, Carpenteria, Pulvinulinay Calcarina, Gypsina, Amphistegiiia and 
Heterostcijina, 

There are also present echinid spines, Serpula, Spirorhis, polyzoa, Leptoclinum 
stellates, small lamellibranchs and gastropods, ovoid coprolitic pellets, fragments of 
encrusting Lithothamnion and Halimeda, 

Details. 

(C. 29) [315]. Length 75 millims., width 79 millims. Cylindrical core, of hard cream-coloured 
limestone. The surface pitted in places and with Spirorbis attached. Entirely of corals, mainly MorUipora, 
with pieces of Stylaphoray Madrepora and Ifeli^ora carulea, A microscopic section of this latter shows 
the minute structure as distinctly as in recent specimens. Serpuh, polyzoa, Ij>ptoclinnm stellates and 
Liihothninnuyn encrusting corals. 

(C. 30). Length 80 millims., width 73 millims. An irregular fragment consisting of a mass of 
Helmpora nmih'o ; in the central portion the corallites are empty, the outer ones are filled up, partly with 
sediment. The coral covered in places with white, hard, consolidated sediment. 

(C. 31) [314]. Length 67 millims., width 77 millims. Part of a cylindrical core of hard compact 
limestone, mainly of Montipora, with a fragment of OrUceHa, Outer surface of core pitted in places. 
OrlntoliteSy Amphisfp(iiiui. Encrusting Lithotharrmum, Cliona borings. 

(C. 32). Length 60 millims., width 52 millims. A rounded nodule of cream-tinted, hard limestone, 
worn by the drill. It consists of Orhicdlu, cf. 0, orion, Dana, in good preservation. 

(C. 33"^. Length 44 millims., width 46 millims. A nodule of hard, greyish-white, compact limestone, 
showing in some parts a pitted surface with Spirorbis attached. The core consists of MorUipora, sp., 
similar to that in C. 31. 

(C. 34) [322]. Length 47 millims., width 77 millims. An irregular nodule, worn by drill, of hard 
limestone, consisting of (Mn^lla, cf . 0. orion, the same as in C. 32. The coral structure well shown in 
the microscopic section. Encrusting lAthothamnion. 

(C. 35) [320]. Length 131 millims., width 74 millims. A portion of a cylindrical core of compact 
limestone, with about half the surface pitted and Spirorbis growing on it. The core consists of a mass 
of the same Orbirella as the preceding, with a small MorUipora growing on it. Encrusting Lithothamnion 
in very thin undulating lamina. 

(C. 36) [321]. Length 80 millims., width 75 millims. An irregular nodule of the same OrbiceUn as in 
the two preceding cores. Sjnroiiii.% Cheilostomatous polyzoa, Leptoclinum stellates, encrusting Lithothamnion, 

Sample of loose materials, from a depth of 90 feet, consisting of small subangular particles of broken 
up whitish limestone, with numerous foraminifera and other organisms. The genera most frequently 
represented are OrttiMites, Ainphistegina and Hderostegina ; other genera of less common occurrence are 
Miliolina, Texfularia, Verneuilina, TnincatuHnu, Carpenteria, Puhinulina, Calcarina and Gypsina. Broken 
fragments of perforate corals are also present, together with alcyonarian spicules, echinid spines, polyzoa, 
small molluscan shells, fragments of Halim^da, and numerous small coprolitic ovoid pellets. Microscopic 
sections of some of these pellets show that they are composed of minute fragments of foraminifera, corals, 
stellate ascidian spicules, Lithothamnion^ and other particles of organisms, closely packed together. 
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(5) Notes on the Cores from the Second Boring *'D" (Sollas, 72 Feet). 

The second boring (D), undertaken by Professor Sollas in 1896, was situated 
further to the south of the Mission Church than the fii'st, and on the ocean side of 
the reef.* 'J'he bore-hole was carried down to a depth of 72 feet from the surface, 
when it became choked with debris and had to be abandoned. No samples of thet 
rock between the surface and 12 feet below appear to have been brought to England ; 
between 12 feet and the bottom of the boring, 72 feet, the length of the solid. cores 
obtained was 12 feet 5 inches, which would avei-age a little over 1 foot of solid core 
in each 5 feeli of the actual boring. The distribution of the cores in various parts of 
the boring is shown in the following table : — 



Depth from 
surface in feet. 



Distance bored 
in feet. 



Length of cores. 



Numbers of 
cores. 



ft. in. 



0-12 


12 


. _. 




1 2-20 


8 


1 4 


1). 1-1). 4 


20-.30 


10 


: 10 


1). 5-1). 10 


30-40 


10 


1 2 


1). 11-1). 17 


40-50 


10 


3 


1). 18-D. 35 


50-GO 


10 


3 7 


D. 36-D. 57 


60-72 


12 


2 6 


D. 58-1). 74 




72 


12 5 





Some of the cores are cylindrical with the same maxinmm diametei* as those of the 
First Boring (C), viz., 3|- inches (80 millims.), but the larger number are fragments 
of cores, often rounded into nodules by the drill, or irregular in shape. The cores 
further resemble those of the First Boring in having their surfaces covered in places 
with small shallow pits, probably the work of boring organisms, and in these pits 
colonies of a small species of &pirorl)is have become attached. 

The character of the rock forming the cores is very uniform throughout the 
boring. It is a cream-coloured or greyish- white hard limestone, generally compact, 
but occasionally porous where the interstices of corals have remained empty. 

To a very large extent the solid cores are composed of corals which retain their 
form and structure throughout, but their characters are often very much obscured 
by the way in which the interseptal and intercostal spaces, and the pores in the 
perforate forms, are now solidly infilled with sclerenchyma or with crystalline fibrous 
material, so similar to that of the coral tissues, that these latter can hardly be 
distinguished unless in microscopic sections. The prevailing coral which forms the larger 
part of nearly every core is Madrepora, and probably it is represented by the single 

* See Section I, supra, 

t Professor Sollas states that a pit was sunk from the surface to a depth of 1 1 feet through fragment* 
of coral, crystalline coral limestone, and partly consolidated sand (see p. 4, s^upra). 
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species M, contecta. Other corals occurring with the Madrepora are Pocilloporay 
rare, Astrcea (?) Orhicella, Montipora, Po7^tes, and an undetermined form. A few 
examples of Millepora occur, and a single small specimen of Heliopora ccervlea was 
noticed, also detached spicules of alcyonaria. 

The corals are usually perforated to a varying extent by the borings of Cliona 
sponges and other organisms, which are generally infilled with fine consolidated 
sediment or with crystalline fibrous " conchite " or aragonite. The infilling sediment 
contains numerous detached ascidian stellate spicules referred to Leptoclinum. No 
traces of the siliceous spicules of the boring Cliona have been found in any of the 
microscopic sections of the cores. 

If we except Polytrema planum, which, with Lithothamnion^ is generally present 
encrusting the corals, foraminifera are not of common occurrence in connection with 
the solid cores, and they are limited to a few examples of Orbitolites, Spirillina, 
Carpenteria, Calcarina, Gypmia inhcerens, Polytrema miniaceum and Aniphistegina, 
but in samples of unconsolidated material from depths of 40 and 70 feet, foraminifera 
are very abundant, and many additional genera, the names of which are given below, 
have been recognised. 

Of other organisms not already mentioned, there are in the solid cores and in the 
loose material, detailed calcisponge spicules, echinid spines, Serpula, Spirovhia^ 
claws of Crustacea, entomostraca, stellate ascidian spicules, lamellibranchs and 
gastropods, small coprolitic pellets, joints of corallines and of Halimeda, 

The solid cores from this Second Boring are generally similar to those of the First 
and also to those of the corresponding depth in the Main Boring in being composed 
mainly of corals, but whilst the predominant form in the Second Boring is Madrepora 
contecta and Heliopora ccerulea is of rare occurrence, the reverse happens in the First 
Boring (C), where Heliopora is extremely abundant, and only in one instance has 
Madrepora been noticed. In the Main Boring, on the other hand, Heliopora forms 
a marked feature in the upper part, whilst below the level of 40 feet from the surface 
Madrepora contecta largely predominates. 

Foraminifera and other small organisms appear as a rule not to have been 
consolidated into hard rock in the First and Second Borings, or in the upper part 
of the Main Boring, and they form but a small part of the solid cores, but they are 
extremely abundant in the loose, incoherent materials obtained at various depths from 
these borings. 

Depth from Surface, 0-12 feet; No Corrs Obtained. 

According to Professor Sollas the rock for a depth of 1 1 feet from the surface 
consisted of fragments of coral, crystalline coral limestone, and partly consolidated 
sand. 
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Depth from Surface, 12-20 feet; Distance Bored, % feet ; Total Length <f Core 

Ohtainecl, 1 foot 4 inches; N'nmhers of Cores, D. l-I). 4. 

• Cores cylindiical and nodular, very cavernous, of cream-tinted and whitish-grey, 

hard limestones, compact to minutely porous. Mainly of corals : the most ahundant 

form is Madrepora contecta, associated with it are Orhicella, Montipora, and Porites, 

(Jorals encrusted hv Lithothamnion, ('Oarse consolidated sedimentary material in 

some of the spaces hetween thecc^rals contains Carjyenteria, Calcarina, Pohjtrema, and 

Amphistcffina ; also echinid spines, and small gastropods. Serpnla, Cheilostomatous 

polyzoa, Cliona horings. 

Detait^s. 

(D. 1) [401]. Length 67 millims., width 69 millims. An irregular nodiile of cream-coloured limestone 
principally of }f(vhepora ronMa, The pores in the coral sometimes hollow or filled up with crystalline 
fibres or with sediment. PoJfffrfma mniamim, Litholhamnim. 

(D. 2) [416, 419], Length 152 millims., width 80 millims. Cylindrical core of greyish-whit43 hard rock, 
very cavernous. Consisting chiefly of corals with some coarse sedimentary material. Small (h'hiceUa (1), a 
large mass of M(n1re}mra conMa and Mimlipora, Carpentaria, (kilrariiia, AmithiMfginu, Echinid spines. 
Cheilostomatous jwlyzoa. Thick layers of JAfhntham'nvm encrusting corals. Sn-puJa. In sedimentary 
material, numerous Dpff^flinunt stellates. 

(D. 3). Length 90 millims., width 80 millims. Cylindrical core, cavernous, of rock similar to preceding. 
Consisting of Mwh-pjm'a cmiftrta and Monfipifrn, with a thick intervening layer of LiiJiothamnion. SWpuhi, 
Echinid spines. Pohjimmi winiar«'uin, 

(D. 4) [417]. Length 85 millims., width 56 millims. A nodidar mass, roimded by drill, of greyish-white 
limestone, composed of }fn*1n'poi'a r/w^W/z, encruste<l by Lithothumnhn. Echinid spines. ^7;V>wrt borings. 
Branching Lithotha /// » wti . 

Depth from Sitrfac(\ 'lO-'^O feet ; Distance Bored, 10 feet; Total Length of Core 

Obtained , 10 inches; Numbers of Cores, D. 5-D. 10. 

Cores of gi'eyisii-white hard hmestone, mostly in nodular masses. Nearly altogether 

of the same Madrepora contecta as the previous cores, with Orbicella, Mo7ittpo7'a, 

and an undetermined perforate coral. Leptoclrnimi stellates. Cliona borings. Joints 

of HaUmeda, 

Dktails. 

(D. 5, I). 6) [402, 420]. Length 75 millims., width 80 millims. Irregular nodules of limestone, 
consisting of MadvfjKnn mnffrfa. In part ]x)red by Cliona, Ijfpforlinuw stellates. 

(D. 7) [421]. Length 60 millims., width 74 millims. Cylindrical core of greyish-white, compact to 
porous, limestone, ne^irly altogether of the M(ulrq)ora contfrta. This is overgrown by Lif/iofha/nnion, and 
over this in turn a colony of Orhicella has spread itself. 

(D. 8). Length 34 millims., width 73 millims. An irregular nodule of rock similar to the- preceding, 
with Mctdrepora rantMa, Orltirrlla, and Montijtora. rohjfremn niiniacenw, 

(D. 9) [422, 423], Length 47 millims. A nodiJar fragment of the usual hard, whitish-grey rock, it is 
compoeed of a perforate coral of uncertain character, encrusted with Lithotha wninn. Sedimentary material 
with Leptodinnm stellates and joints of HaHmfthi. 

(D. 10). Length 30 millims., width 70 millims. A fragment of the same kind of rock as the preceriing, 
composed of Madrepora contfcta, 

2 H 
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Depth from Surface, 30-40 /c^e/ ; Distance Bored, 10 feet ; Total Leriyth of Core 

Obtained, 1 foot '2 inches ; Numbers of Cores, D. 1 1-D. 17. 

The cores, for the most part, are irregular nodular masses rounded by the drill, but 
occasionally they are cylindrical and cavernous. Thev consist of cream-coloured and 
greyish-white, hard, compact limestone, similar to the preceding, containing 3farf?rj>c»vz 
contecta and AfiUepora. Unconsolidated materials from the level of 40 feet contain a 
great variety of foraminifera, which, with those from the solid cores, are referred by 
Mr. Chapman to the following genera ; SpirolocuJina, Miliolina. Cormispira, 
Bolirina, Cristeflaria, Sagrina, SfnriUimi, Patellina, Cijmbalopora, Discorbina, 
Carpenteria, Pidrinulina, Calcarina, Tinoporus, Folytrema and Amphistegina. The 
gi*eater number of these genera are only represented by single specimens. There 
occur also detached calcisponge spicules, Cliona borings, alcyonarian spicules, echinid 
spines ; Serpida and Spirorhis, claws of Crustacea, entomostraca, polyzoa, small 
gastropods ; coprolitic ])el]ets, Li thoth amnion and joints of corallines. 

Detai ls. 

(I). 11-1). 14). Four nodular lumps of compact limestone, with a total length of 171 millims., containing 
Mwlrepimi ronfcrtn. The cnenenchymal interspaces in part empty, in pait fille<] with sclerenchyma. niann 
borings. 

(D. 15) [403]. Length 42 millims., width 54 millims. An irregular nodule of lirownish-grey limestone, 
containing a branch of Mwhrpora, overgrown in the central portion by Lithothnmnhjiy and this in turn by 
Millppora. Layers of Poli/ffrnia planum and Li fhof/imnnhn H\teTDH.tc\y oucrnst the Mi Ihpom. ('nrpenft^ny 
Annelid tubes, Leptoclinvw, 

(D. IG). Length 28 millims., width 70 millims. A compressed nodule of rock simihir to the preceding, 
with pitted surface and Sjfirorhis attached. MiUejm'a l>ored by Cliona and encrusted by Lifhftfhainmon, 
which again is overgrown by MadnjHna. l*ohitv*nia unniareutn and S(*rj)yla. 

(1). 17). Length 116 millims., width 80 millims. Cylindrical core of whitish-grey limestone, piirtly 
porous and with cavernous hollows. ITie greater part consists of Miuhrjmra, very obscurely shown, and 
some MHU'pwa. Poli/trerna miniaccum, SerpitJa and Spirorhj^, Echinid spines, small gastropod, Lithofhamnum. 

Samples of unconsolidated, light-greyish material from a depth of 40 feet, consisting largely of small 
sub-angular fragments of l)roken-up limestone with detached foraminifera. The commonest form is 
AwphiMefiinn Lfa.^omi, the other genera present are enumerated al»ove. There are also calcisponge spicules, 
alcyonarian spicules, echinid spines, claws of Crustacea, polyzoa, entomostraca, coprolitic pellets, and joints 
of corallines. 

Depth from Surface, -iO-oO feet ; Distance Bored, 10 feet ; Total Letujth of Core 

Obtained, ^ feet ; Numbers of Cores. J). 18 -I). :Li. 

Cylindrical cores and nodular lumps, worn by drill, of creani-col< aired and whitish- 
grey, hard limestone, cavernous in places. The outer surfaces frequently pitted and 
with attached Spirorbis, The greater part of the rock consists of Madrepm^a, with 
occasionally an Astrsean coral, OrbiceUa (?), Porites, Montipora, and the same 
undetermined perforate, jueviously noticed in D. 0. There is also a single fragment 
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oi HeliopGra aprulea from a depth of 48 feet : the first time this coral lias been met 
with in this l)oriiiir. The corals are, as a rule, filled in with hard tissue and obscurely 
shown, they are bored by Cllona, the borings infilled with calcareous sediment. 
Foi*aminifera are not conunon in the cores ; the genera recognised are Urhitolites, 
Gypsina inhcerens, Palytrema and Ainphisteffina. Ecliinid sphies. Sevjnda, 
LeptocUmim stellates. Lithodoymis, Lithothanmion, encrusting corals. 



Details. 

(D 18). liength 51 niilliins., width 72 iiiillims. Piece of a cylindrical core of hard, whitish limestone, 
principally of Lithothuiunum with small .sV/y/M/w-tubes. A narrow band of an Astra*an coral, Orhirella (?), 
ol)8curely shown, is in the midst of the calcareous alga. 

(D. 19). Length 2G millims., width 58 millims. A fragment of whitish-giey porous limestone consisting 
of Pontes, with ^Vr/yM/a-tubes and bored ijy Cliona. 

(D. 20). Length 50 millims., wi<lth 58 millims. A fragment of cream-coloured limestone, consisting of 
a piece of Madrtpara, partly encrusted by Lifhof/uimnhHy Spiiorbui on outer surface. 

(D. 21) [405]. Length 58 millims., width 80 millims. Part of cylindrical core, cavernous, of greyish, hard, 
compact limestone, consisting chiefly of MadrejMn'a, l>ored by Cliona^ and overgrown l)y a thick layer of 
Lithcthaninion, (hhitolites, Serjfiila-twhos. 

(D. 22) [424]. Length 56 millims., width 80 millims. Cylindrical core composed of Miulrepora^ 
overgrown by Lifhoifiamnwn^ similar to the preceiling. The interspaces of the coral now filled up with 
crystalline fibrous material not distinguishable from that of the coral itself. Polytrema niiniareum, P.phinum^ 
Amphistegiiuiy Leptoclinuni st€llat<js in the fine sediment which has infilled the Cliana lx)rings. 

(D. 23). Length 72 millims., width 80 nnllims. Cylindrical core, cavernous, of greyish, hard limestone. 
Incoherent detrital material filling some of the hollows. Madrepora rmferfa (?) riddled with Clhna and 
other l)orings. Polifirema miniiurum, Echinid spines. 

(D. 24). Length 63 millims., width 67 millims. Nocbile of hard cream-coloured limestone, rounded by 
drill, consisting of Madreponi rcmtniiu 

(D. 25) [404]. Length 50 millims., width 73 millims. Piece of cylindrical core >nth the inner surface 
pitted and covered with Spirai'his. Madrfjforu. Amphiatetjina Lt^sso/ni, Leptoclinum stellates. 

(I). 26). Length 42 millims., width 65 millims. An irregular nodule of Madrejfora, overgrown by 
LH/ioihamnion and this in turn by Poriff-^. 

(I). 27). Length 28 millims., width 40 millims. A fragment of grey rock, consisting of Pariffs, 

(D. 28). Length 30 millims., width 70 millims. A cake-shaped no<hile of grey, compact, hard limestone, 
probably of Madre^pora, bored l\v VUima and other organisms, and overgrown ])y Lifhoihawnian. The 
exterior surface of nodule pitted and with Spirorhu attached. 

(D. 28i) [415]. Length 23 millims., width 45 millims. An irregular, pitted nodule of grey hard limestone, 
consisting of a piece of Mcufreporaj encrusted by Pohilrema planum and Lithothamnion^ and growing on this 
latter a thin layer of He.lioponi mruleii. I^pfoclinum stellates. 

(D. 29). Length 74 millims., width 72 millims. A]x>ut half a cylindrical core, of cream-tinted hard 
limestone. The gi'cater part is of .]fadirjKfr(t, very jx^orly preserved, and encrusted by Polifftrnia planum 
and Liiliotltamnhn. Also a piece of OrhMla (1). Spirorbis. 

(D. 30). Length 29 millims., width 43 millims. llock like preceding. A fi'agment of Madnpom 
nmMa (1). 

(D. 31). Length 47 millims., width 77 millims. A depressed core oi whitish-gi ey, hard limestone, 
consisting of a mass of Madifpora amfcrfa, with encrusting Lithothamnnm. Poliflirma miniarcum and 
P, planum. 

2 li 2 
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(D. 32) [406]. Length 70 millinis., width 62 millims. Rock like preceding. Chiefly of Matlrcpora, with 
i\ fragment of MorUipora. Sjnrorbis. Lithothaninion. 

(D. 33). Length 45 millims., width 46 millims. A nodular fragment of Madreiwra, 

(D. 34) [425]. Length 12 millims., width 28 millims. A small irregular fragment of whitish-grey 
limestone, consisting of an undetermined coral (?) similar to that in D..9. Pohjtreina planum, Spirorhis, 
Lithothiimnion, 

(D. 35) [407]. Length 82 millims., width 78 millims. Cylindrical core, greyish-white, compact, with 
large cavities. Al)out one-half of the core consists of Miuiirpora encrusted by Lithothamnion, and on this 
latter Montipom is growing. Part of surface pitted, with Spirorhis attached. 



Depth from Surface, 50-GO feet; Distance Bored, 10 feet ; Total Length of Core 

Obtained, ;] feet 7 inches; Numbers (f Cores, 1). 36-D. 57. 

(Jyliiidrical cores and irregular nodules of cream-tinted or greyish, hard, mostly 
compact, limestone, similar to the precedhig. The rock, for the most part, consists 
of Madrepora with Moatipora, Pontes, Astraean coral and M'dlepora, The corals are 
now generally infilled with crystalline fibrous material very similar to the actual coral 
structure, so that they are very obscurely shown. The corals are extensively bored 
by Cliona and other perforating organisms, and usually encrusted by Polytrema 
planum and Lithothamnion. Only a few foraminifera are seen in the microscopic 
sections, they belong to Orbitolites, Carpenteria, and (lypsina Inhcerens, Spirorhis 
is plentiful, attached to the outer pitted surfaces of the masses of coral. LeptocUnum 
stellates. Ihdh/teda, rare. 

Details. 

(I). 36). Length 118 millims., width 80 millims. An irregidar mass of greyish, hard, compact 
limestone, with pitted outer surface. Half of the mass consists of Miuiirpom, and half of ]*oi'iic^^ with a 
thin layer of Lithothamnion between them. Spirorhis. 

(D. 37). Length bi millims., width 78 millims. Cylindrical core of rock similar to preceding, very 
cavernous. It consists of Madrfpora. Part of outer surface pitted, and with Spirorhis attached. 

(D. 38). Length 54 millims., width 68 millims. About one-third of the cylindrical core present. It 
consists of Porift's^ now infilled with crystalline material cand hardly recognisable. 

(D. 39) [408]. Length 70 millims., width 68 millims. Cylindrical core of greyish, haril, compact rock. 
Greater part of Madrepora, encrusted by Liihothamnion on which Porifes has grown. Pitted surface with 
Spirorhis. Orhif olives, Leptoclinum stellates. Halimeda, 

(D. 40). Length 16 millims., width 34 millims. An irregular fragment of whitish limestone, consisting 
of Millepora in immediate contact with Madrepora, 

(D. 41). Length 25 millims., width 60 millims. A compressed nodule of rock of the same character 
and with the same organisms as the preceding. 

(D. 42). Length 18 millims., width 28 millims. A fragment of limestone with Madrepora (Vj. 

(D. 43). Length 42 millims., width 47 millims. A rounded nodule worn by the drill, of greyish, hard, 
very dense, limestone, consisting of Madrepora, 

(D. 44). Length 80 millims., width 82 millims. Core cylindrical, about two-thirds preserved, of the 
same limestone as preceding. The rock is entirely of Madrejfora. 

(D. 45) [409]. Length 30 millims., width 73 millims. An irregular flattened nodide of cream- 
coloured limestone, composed of Ma'l rcjurra conteda, much bored by Cliona and other organisms, and 
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encrusted by layers of Polf/in'tti't planum aud Lit/iotkunnion. Surface in places pitted, with Spirorhis 
attached. 

(D. 46-D. 50). Total length 112 luillims., width about 70 millims. Four irregular pieces of greyish- 
white, hard, limestone, consisting of Madrt^jMrni with CH<yna borings. 

(D. 51) [426]. Length 75 millims., width 80 millims. Greyish-white limestone, consisting of a mass of 
Moniipora (1), encrusted by Poh/trema planum and Lifhoi/uimnian. Orhi/olUea and G/tpsinu inJnvreiui. 

(D. 52). Length 47 millims., width 79 millims. Cylindrical core of Montipora (]) similar to the 
preceding. 

(D. 53, D. 54). Total length 109 millims., width 80 millims. Cylindrical cores of greyish-white, hard 
Jimestone, consisting of Maflrejtora a/nieda, perforated by Vlioiui. 

(D. 55). Length 40 millims., width 58 millims. An irregular fragment of Ma'diff/H^ra roniecta. 

(D. 56). Length 62 millims., width 83 millims. Cylindrical cores, cavernous, of the usual greyish- 
white dense limestone, composed of Mmtipora (?), lx)red by (Jlionay and encrusted by Litlwthamnii^n. 

(D. 57) [410]. Length 74 millims., width 75 millims. Cylindrical core, cavernous, of greyish- white, 
hard, mostly compact, limestone, the siu"face in places pitted, and with Spiror/n.^ attached. Ma<frept/ra 
(V/i^fWtt(?), encrusted by Lithothaiunian and overgrown hy Montipora {'i), very obscurely shown, and this 
in turn covered by layers of Pohjhrma planum and LitJiothanniion. Orhitolite,^^ Poh/hrma miniai'eum. 
Echinid spines. 



Depth from Surface, GO-72 feet; Distance Boved, 12 feet; lotal Length of Cores 

(JhtaiuetL '1 feet 6 inches; Numbers cf Cores, 1). 58- D. 74. 

Cylindrical cores, and irregular nodules of cream-coloured and whitish-grey, hard, 
mostly compact limestone, of the same character as those from the higher parts of 
the boring. The greater part of the rock consists of corals, Madrepora contecta 
Ixjing still the predominant form ; with it there are associated Pocillopo^)'a, 
Orhicella(^i), Montij>ora, and detached alcyonarian spicules. Corals, generally filled 
up solid with sclerenchyma, &c., and very obscurely shown. Foraminifera are seldom 
met with in the cores, but in a sample of unconsolidated material from a depth of 
70 feet they are abundant and varied. The following genera have been recognised 
by Mr. Chai'Man : Cornuspira, Orhitolites, Sayrina, Glohigen7Ui, Ptdlenia, 
Spirilliua, Discorhiua, Plauorbulina, Pulvinulina, Calearina, Itnoporus, Polytreviu, 
Arnphisteyina, and Ileterosteyina. Associated with these there are calcisponge 
spicules, Cliona borings, echinid spines, Serpula, and Spirorbis, ostracoda, lamelli- 
branchs, and encrusting Lithothamnion, 

Details. 

(D. 58). Length 50 millims., width 80 millims. Core of whitish-grey, compact limestone, lx)th upper 
aud lower faces pitted. Nearly the entire core of Madrepora conieda (1) ; a small fragment of MoiUipora. 
Polf/trehui minia4:eum. Cliona borings. Lithot/iumnion. 

(D. 59). Length 74 millims., width 77 millims. Cylindrical core, cavernous, of the siuue kind of rock, 
and with the simie organisms as the preceding. Spirorbis, Serpula. 

(D. 60). Length 40 millims., width 50 millims. An irregular, caivernous jjiece of whitish-grey limestone, 
with PociUopora and Orbmlla (?). Echinid spines, Spirorbis. 

(1). 61) [427]. Length 52 millims., width 75 millims. A conical piece of the same limestone as 
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preceding, partly compact, partly porous ; it consists of Madrepma rmffcfii, with the coenenchynial 
platforms distinctly shown, and the interspaces vacant. Ainphiatcijinu, Lf'jtf(H'li/ttiin stellates. 

(D. 62-D. 64) [411]. Nodules and cylindrical core of cream-coloured limestone, wath a totid length of 
132 millims. Cores of cream -colouied limestone, consisting of Madtrjnrra amffHa, encrusted by Litho- 
ffiamnion . roh/hrnta jtlan tun . 

(D. 65) [428]. Length 53 millims., width 76 millims. Cylindrical core, partially worn by the drill. Core 
principally of Monfipora, the structure fairly well shown. The coral encrusted by LUhofhuinnion. ( h'hitolit^i^, 
Pohjtreina iiiiimiicviH. Echinid spines. LeptocUnum stellates. ( Veomi borings. 

(D. 66) [412]. Length 54 millims., width 78 millims. Cylindrical core of greyish-white, hard limestone, 
partly compact, partly porous, consisting of Madirpom rmiferfa. PoJi/ftnna niiniiwuin^ Aiiiphisteifina Lessonii, 
Spirorlm, Cliona borings. Encrusting Lithothaimiwn. 

(D. 67) [413]. Length 30 millims., width 80 millims. Cylindrical core of greyish-white, compact, hard 
limestone, uppei* surface pitted, and with Sfunnhin attiiched. Nearly altogether of Mwlr^mn ronhcfUy 
encrusted with Po/fffiriHti /tlanum and Lifhoflminnnmy and perforated l»y Cliona and other organisms. The 
coral is filled up solid with sclerenchyma, the borings are either vacant or infilled with crystalline material 
and sediment. Pohftienm miniantnni. Kchinid spines. D^jtfocJinmn stellates. 

(D. 68). Length 58 millims., width 75 millims. Limestone, similar tu jjieceding. One moiety of the 
core of PociUopora, in good preservation, the other of Madrejjora amttrta. Sjnrorhis. 

(D. 69). Length 40 millims., width 67 millims. An irregular nodule, worn by the drill, of limestone, like 
the preceding, consisting of MwlniHtm mnffcfa, encrusted piirtly by LitJiotJuiinnion. 

(D. 70). Length 38 millims., width 70 millims. A nodule consisting of Mmlirpifra, to which a piece of 
Montipora is attached. Spirorhis, Sfirj)ula-t\\\)iiii. Encrusting LHItothamnum. 

(D. 71). Length 23 millims., width 52 millims. A fragment of the usual greyish- white limestone, worn 
by the drill. It consists of Mmhcpora conicvta, bored by Clmiu. 

(D. 72) [418]. Length 24 millims., width 48 millims. A flattened nodule of the usual hard limestone, 
the surface pitted, and with Spirorhii-i growing on it. Mculrepora contt^da, perforated by Cliona, <fec., the 
excavations now infilled with fine consolidated sediment containing numerous detached stellate spicides of 
Ijeptodinum. Orlntolitei< rare, Polf/tremu miniaceum, P, planum. Small gastropods. Lifhothamnion. The 
minute structure of the coral is shown in the microscopic section. 

(D. 73). Length 33 millims., width 52 nn'llims. A nodular fragment of Madrepma n^ni^cta. 

(D. 74) [414]. Length 37 millims., width 52 millims. An irregular nodule of greyish-white, compact 
limestone, mainly of Madirpora canM-taj with an Astrwan* coral, thhirella (?), attached. Ch'bifoliteSy 
Oarpenieiia, Poli/frema ininiaccum, and I\ planum. Sjnrorln^':. Lifhothamnu/n. 

Unconsolidated fine material, fine, light, greyish in tint, largely of fragmentary foraminifera, 
alcyonarian spicules, and polyzoa. The foraminifera belong principally to Orlntolifes^ Planorhulinu, 
Tinopoi'u.<y and Jmphi^U'tjina^ with other genera enumerated alx)ve, many of which are only represented by 
single specimens. Also calcisponge spicules, echinid spines, ostracoda, and lamellibranchs. 



(6) Notes on the Materials from the Lagoon Boring, " L.'' 

* 
The lx)riiigs carried out by Mr. G. H. Halligan beneath the floor of the lagoon at 

Funafuti were situated alxjut 1^ miles west of the Mission House, where the depth of 

water was 101 feet at low-water spring tides. Two Ixnings were made; the first 

reached a depth of 144 feet below the floor of the lagoon, and the second 113 feet. 

In both cases the attempts to penetrate deeper were baflled by meeting with solid 

limestone, too hard for the boring apparatus to pass through. 
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Samples of the rock niaterialR, taken at various depths in the borings, as well 
as some from the floor of the lagoon, were forwarded to London. The rock from the 
borings appears to be entirely of cjirbonate of lime, without any admixture ot 
dolomite. From the surface, to a depth of about 70 feet, the materials consist 
of calcareous organisms, entire and fragmentary — principally calcareous algae — quite 
loose and apparently not cemented in any way. Below 70 feet the rock is a white, 
})orou8, rubbly limestone, partially consolidated by calcite, which, in the process 
of boring, has been broken up, so that the samjjles now consist of small angular 
fragments and much fine, powdery material. In the lower part of the boring the 
rock seems to have been more compact, and the fragments in the samples coarser, 
and there are in it many pieces of corals, which seem to have been broken off* from 
colonies in position. 

Depth from Fh)()r of Lmjooii, 0-ii2feet ; Distance Bored, iVl feet ; Xuwhers of 

Samples, L, 2-~L, 5. 

The materials from the first part of the Iwring, to the depth of 62 feet, consist, to 
a very large extent, estimated between 80 and 95 per cent., of the detached fan- 
like joints or segments of the calcareous alga, Halimf'da, According to Miss E. S. 
Barton (Mrs. Gepp).''* they all belong to HriUwcfla opvntia. Lamouroux, var. 
macropiiSy Askenasv. 

The individual joints are about 10 millims. in length, 1^3 millims. wide, and 
1 millim. in thickness ; some are entire, but a large number are now broken up into 
fragments, probably in the lx)iiiig operations. They retain their minute structures 
perfectly, and Miss Barton states that the specimens, from the depth of 35^ feet 
below the lagoon floor, were still sufficiently preserved to show the peripheral cells on 
decalcification, and at 50 feet the large central tubes were still to be recognised, but 
below that depth, though the form of the joint was retained, and the cells and tubes 
were distinctly shown, there was no cell -substance after treatment. The Ilallrnrda 
remains from the l)orings are distinguished from those^ dredged up from the floor of 
the lagoon by their bleached ai)pearance, and those from the depth of 22^ feet, 
when dry, are, if anything, lighter and more fragile than the recent surface specimens, 
but lower down in the l^oring, the cells and tubes of the joints become infiltrated to 
a varying extent with crystalline calcite, and are thus rendered heavier, more stony 
and resistant, so that they do not l)reak readily between the fingers. 

The segments are now (piite free : not infrequently foraminifera, Spirorhls, &c., are 
attached to their smooth surfaces, and separate joints are sometimes completely 
encased by concentric layers of the encrusting foraminifer, Polytre7))a pkuium. 

The foraminifera, from this part of the boring, are represented by a numl^er of 
species and varieties, but they do not contribute to any extent to the mass of 
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the materials. They have been cai^efiilly examined by Mr. F. Chapman,* in connec- 
tion with the recent forms distrilmted over the surface of the lagoon floor, which he 
has already described. The commoner fonns belong to Orlntolttes, Sagenina, 
Textularia, Planorhnllna, Calcarina, Gypsina, Polytrema, Amphistegina, and 
Jleferostegina, whilst those of sparse occurrence comprise Spirolocidinct, Miliolina, 
I^lacopsilina, Bdelloldina, Haddonia, Sagrina, Glohigerina, SpiinUina, Discorhinay 
Tnmcafvtirta, Anomcdina, Carpenteria, Pvlvimdina, and PolysfomeUa. The genera, 
and with a few doubtful exceptions, the species as well, have been recognised by 
Mr. Chapman in the dredgings from the floor of the lagoon. With the exception of 
the naturally attached forms, the foraminifera, like the Halimeda-joints^, are quite 
free, and their condition of preservation is practically the same as that of recent 
specimens. 

Corals are not common in the materials from the upper part of the boring, 
the only forms met with are small broken fragments of Sericif()])ora^ Madrepoixi, 
and Porifes, a small specimen of Heliopora cfrndea, and some detached alcyonarian 
spicules. 

Other organisms found in this part of the boring include sj)icides of calcisponges, 
echinid spines, and plates, Sjnrorhis, Seipula-tuheH, claws of small Crustacea, 
Leptoclinum stellate spicules, polyzoa, T/iecidea waxdla, small lamellibranchs and 
gastropods, and cojjrolitic pellets. 

DETAiri5. 

(L. 2). 21^ feet. The sample is nearly entirely of the bleached llaU nml a-]o\\\i^^ with foraminifera in 
the finer calcareous materials, principally l>elonging to Siujenina fron4h'sn'n.% Gjtjidnu (/lohuhis, 0. redcnlmi^^ 
Calrarina hispuht, Amplmtefiina L-^soniiy and llfterosfefjina depre^m. Altogether, Mr. Chapman has 
determined twenty-four species and varieties ; the greater number are rare. Echinid spines, Seiyuhi 
Jifimfia, polyzoa, small gastropods, and lamellibranchs. No coral fragments observed. 

(Fi. 3) [451, 452]. 35^ feet. Very like the preceding in the great proportion of Hal iim'^h -joints. These 
are now, to a certain extent, infilled with secondary CArl)onate of lime, and more rigid and stony than tho6C 
found nearer the surface. Small fragments of rub])ly and powdery limestone, in which SmcUojmay 
Mathrpmo, and PorUcii can be recognised, occur. Foraminifera are less numerous than in the preceding 
sample ; the commoner forms belong to Gifjmna, Polifiremay Amphhtqiinn, and Hfierosicffina. Microscopic 
sections of nodular fragments of the rock show consolidated calcareous sediment, with foraminifera, 
echinid spines, spicules of Ijpfof'linvnfy and small gastropods. 

(L. 4). 50 feet. The sample from this depth contains the same large amount of Ilalimeffa-jomtR as the 
samples alK)ve. The tul>e8 and cells of the HaHmeda are more generally infilled with the secondary 
carbonate of lime, but their minute structure is still well preserved. The only corals recogni86d are broken 
fragments of Serinhpora. All the genera of foraminifera present in the uppei* part of the l)oring occur in 
this sample, with the exception of (rJcilnfjcrina, Mr. Chapman has determined thirty-nine species and 
varieties. Other organic constituents comprise spicules of calcisponges, echinid spines, Sfipiila, Bainlia^ 
polyzoa, Thecidfdj small lamellibranchs and gastropods, and coprolitic pellets. 

(L. 5). 62 feet. The Halimeda-joints are as numerous and in the same condition of preservation as in 
the preceding samples. They are often encrusted by Pohjtrt'tna planum and overgrown by a network of fine 
calcareous threads, possibly some other form of calcareous alga. Polyzoa and other organisms arc also 

* * Linnean Soc. Journ.,' Zoology, vol. 28, pp. 161-210, 
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Trunraialina, (/alrarimi, (iifpdnn^ hihftreimiy Anvphiatetjina^ and Heferosfqfinu, Mr. CHAPMAN has determined 
eleven species. No remains of corals were noticed in this sample. 

(L. 7) [455]. 81 i feet. The white, porous, rubbly fragments of limestone consist of HaUiiieda']om\Ay 
foraminifera, and a few corals. HaUinnhi is more abundant, proUibly it forms half the rock. It^is here 
hard and stony, and some of the joints are free The only corals noticed are frfigments of SmuJopoia,, 
Podlloponij and Fuikjiu. The foraminifera belong to Orbifoliff^, Safjrniiuf, Hwhlonw^ T^xtalariiiy CalcaHtuij 
X&nimiinay .inqthiafeijiiia and Jlffrrosfrtfina ; only the last two are connnon. Echinid plates and spines, 
Serpuhij Thfndea, lamellibranchs and gastropods. 

(L. 16). 82 feet. Six small irregular lumps of grey and greenish hard limestone from No. 2 bore-hole. 
They have been examined by Mr. H. M. Bkknakd, who reports that foin* consist of Ihliojnna rteniku. The 
coral is extensively bored by f'lumoy the surface is pitted, and SpirorhU is attached to it. Another piece 
is a fragment of Vijphastnm^ and the remaining lump is mainly made up of alcyonarian spiciUes. 

(L. 8) [456]. 94] feet. Irregular fragments of hard, whitish, rubbly limestone, consisting largely of 
corals, with a few foraminifera and a small amount of IhiHinnht. The corals belong to ffflwpara, 
^niafojnna^ plentiful, PodUojtora, connnon, Mwhrjfora and Porifts, The delicate liranches of ^eriatopora and 
Maf/njiora are, in some instiinces, partially decomposed, and will break up in the lingers, in some of the 
other corals the minute structure is letained. The more abundant foraminifera are : Polf/frcma planniH, 
.lutjt/iisfrfjina Lfsaimii, and Ifrfrnisff^ffiiin (Icpirsm ; the rarer forms are : Tcxtalana riujOi^a and Carpentena 

(L. 9) [457]. 103i feet. Fragments and powder of whitish, porous, lightly cemented limestone with small 
cavities occupied by crystals of calcite. The rock is composed chiefly of corals and foraminifera. The corals 
l>elong to (\eIona, another Astra?an genus, Mmliritora ((mffrfa, and Jsfrthpjuna. Their walls are generally 
preserved, Imt in some cases they have Ixjen dissolved and only the casts in consolidated sediment 
remain. Alcyonarian spicules. Eoiaminifera numerous, they apparently l>elong only to Jinphutcfjina and 
Jletfrosffftina. Onlv traces of Hai'nncila. 

(L. 15). 105 feet. Fragments of whitish, hard, porous limestone, which Mr. H. M. Bernard has 
examined. He recognises specimens of SmaliyfUHa, referred provisionally to S. padjica, Bruggeman, 
which now lives on the reef. The rock contains also Pohitirma planuin, A iiiphiateffiiui and Halinmia- 
joints in good preservation. 

(L. 11, L. 12) [459, 460]. 106 J feet. Fragments of limestone similar to the preceding, but very 
lightly cemented, so that the rock readily breaks up. The rock consists chiefly of corals and foraminifera. 
The former include fjohoj>hyfiiin, Srriahjutra, undetermined Astra^an, MathrjKmi and Moniiporay encrusted 
by Pobjtmna pJanitin. Foraminifera inmierous, chiefly Aniplmkgina and Hdtro4f{fina, Echimd spines, 
lamellibranchs and gastropods. HalimMa, not uncommon and in fair preservation, it is consolidated 
with the other organisms. 

(L. 10) [458]. 112^ feet. Whitish-grey rubbly limestone, composed mainly of corals and foraminifera. 
The coral fragments belong to Scriakfjfora (rare), Madrfjfora, (ronioponi and Mi/ntiporu, their structure is 
usually preserved, and the int<3rstices are either empty or infilled with crystalline material or consolidated 
sediment. Foraminifera numerous, the same forms as in the sample above. Ilnlinnda not unconmion. 

(L. 13) [461, 462]. 116-144 feet. Sample of fragments of limestone, composed chiefly of corals and 
foraminifera, like the preceding. * The sample has been submitted to Mr. Beknarp, who reports that it 
contains ''fragments of Minlrt^poni and a single fragment which may l)e either Mmhepora or Minitijtoiv, 
The greater nimiber of fragments are not coral or only coral dehris mixed with other organisms." 

A microscopic section of some of the rock fragments shows that the minute structure of the corals is 
preserved and their interstices are either empty or infilled with fine consolidated sediment containing 
numerous stellate spicules of LqHorlinum. The principal foraminifera are Pohjtrema, Am^hidegina 
and Hetei'ostegina, In a microscopic section the following additional genera were determined by 
Mr. Chapman : — MUioUna, Glolfitjerimiy Disccrbina, PhnorhuUna, Calmrina and Gt/jfsina inhartnti, Echinid 
spines, Setpuluy Spirorlns and lamellibranchs. llaliitKila-jomis, branching and encrusting TMhothamnioHy 
with the structure well preserved. 
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(L. 14-L. 14a) [46;^]. 116-144 feet. Fragments of the same whitish, hard, rubbly limestone as in the 
beds immediately above. Some of the fragments are pieces of corals, in others no structure can be seen 
with a lens. The corals are usually well-preserved, but in some instances they are decomposed and 
crumble l)etween the fingers. Mr. Bernard has determined an Astraean, genus uncertain, a single fungid, 
two species of Madrqma, one common, with the branches in fair preservation, showing axial and radial 
corallites, with coenenchyma and sometimes surface stria tion, Mmiipom. (hniojiora and Aafrfpojmraj of 
which there are many fragments. 

In the same sample there were also many l)roken pieces of llt'Jiopora rorult-a^ in ;i bleached condition and 
greatly perforate<l h\ ('linna. The foraminifera include riaiiorlnilinu, (Unhi(iirimt^ (^aleanun, GjijtMntiy 
Poljflreina jflanmn, Jin/t/iisfct/inft and Hrhrosf^'tfina. A microscopic section of a piece of the rock shows 
that the structure of the foraminifera is well preserved, they are embedded in very fine consolidated 
sedimentary material, which apparently consists of the (f^'hris of these organisms and spicules of Ijfyfotiiuuni, 
Echinid spines, polyzoa, Thm«lHt, lamellibranchs (including Lithotloniux) and gastropods. //<///////'</«- joints, 
retaining their minute structure, and Lif/iof/iammon. . 

(L. 14e) [464-465]. 116 144 feet. The rock fragments are generally ver}' similar to the preceding 
(L. 14), but the rock is of a harder character ; it consists chiefly of corals, foraminifera ami IJtlwthamnim, 
&c. At a rough estimate about half the rock, as shown in the sample, consists of corals. They belong to 
Seriniopora, PoriUapoi'a, Fungin, Madrepoi'a (chiefly fragments of sub-cylindrical branches, 10-20 millims. 
in length by 6-8 millims. in thickness), Afonfipora and As(r<Popora. A portion of a stem of Lohophyfnm, 
measuring 27 by 32 by 7 millims., is shown with the spicules standing out on the surface. Foraminifera 
are fairly numerous ; those recognisable with a lens ])elong to A niphintf'fii im and Hetnosfefjina. Halinmla, 
common, and Lithothainvion, showing in microscopic sections the structure very distinctly. 

A striking feature of the }x)ring beneath the floor of the lagoon is tlie large amount 
of the calcareous alga, Halimechi opuntia, var. niacropiis, in the upper half of the 
boring. To a depth of over GO feet the beds are principally composed of the detached 
joints of this alga, which are, judging from the samples, quite free, and not cemented 
together in any way. With the Hdlimeda there is a small proportion of foraminifera, 
corals and fragments of other organisms. Between 62 and 80 feet the amount of 
Hidiinedn diminishes to about one-half, and the joints in this portion are no longer 
free, but cemented bv calcite, together with foraminifera. into rubblv rock. At the 
level of 94 feet and to the l)ottqm of the Inuring the ILdimeda forms only a slight 
percentage of the rock ; at the lower levels the minute structure is retained as a rule 
almost imchanged. There is no close parallel in the other borings at Funafuti to 
these Ifahmcffo deposits beneath the lagoon ; although some parts of the Main Boring, 
l)etween ()37 and 748 feet from the surface, chieflv consist of ITalimeihi and 
foraminifera, the relative amount of the former is much less than in the Lagoon Boring. 

The character of the rock in the lower 50 feet of the La^Jfoon Borinir does not differ 
nmch from that in the higher j)art of the Main Boring. The same organisms are 
present in lK)th. and the corals and forann'nifera in the Lagoon Boring are better 
preserved and less altered than those at corresponding depths in the Main Boring. 

(7) Notes on ihk Organisms fro.m thk FfiNAFUTi Boiungs. 

The organisms which form by far the larger mass of the core materials from the 
different borings at Funafuti belong to foraminifera, corals, and calcareous algae, while 

2 s 2 
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another group, subordinate as regards the amount of material contributed by it 
collectively to the rock from the borings, comprises the remains, mostly fragmentary, 
of sponges, echinids, annelids, crustacea, polyzoa, ascidians, lamellibranchs, and 
gastropods. 

These organisms are usually commingled together in the cores in various proportions; 
very frequently we find, however, a preponderance of one or other of the principal 
groups, such as foraminifera or corals, and occasionally of the calcareous algae, through 
a variable thickness of tlie rock, one form continuing for a period and then gradually 
giving way to the j)redonunance or perhaps the exclusive occiuTence of another. This 
alternation is more noticeable in reorard to the corals and foraminifera in the lower 
part of the Main Boring, where the solid cores, for a thickness of several inches or even 
of some feet, are largely composed of foraminifera, with here and there a small coral, 
scmie calcareous algae, and an admixture of the debHs of other organisms and fine 
sediment, and then are succeeded by cores which consist mainly of corals with a 
scanty number of foraminifera filling in the interspaces, and often a considerable 
amount of Lithothamitlon and the debris of the smaller organisms. There is no 
regularity in the period of the dominance either of corals or foraminifera, but on the 
whole the foraminifera appear to contribute a notably larger amount of the rock than 
the corals. Although the calcareous algc^e form an important part of the rock in 
various parts of tlie boring, they do not, as a rule, so largely predominate in particular 
portions as in the case of the groups just referred to, but they are more generally 
associated with corals. There are, however, some exceptions, for some of the rock 
cores in the upper part of the Main Boring are largely composed of branching 
Lifhothamnioriy and the beds beneath the lagoon floor mainly consist of Haltmeda. 

The various organisms from the borings all belong to existing genera, and with 
some exceptions the species, as far as they can be determined, are also still living. 
The greater number have been recognised in the dredgings from the outer slopes of 
the reef and from the lagoon, and in the collections made on the reef at Funafuti ; 
some, however, have not yet been met with in the recent fauna of the locality. 

Tn the following tables, lists of the genera of the various organisms present in the 
borings are given, showing in one case their range of occurrence, and in another their 
distribution in the various cores. 



(7a) Notes on the Foraminifera from the Funafuti Borings. 

The abundance of the foraminifera, both in the solid rock-cores and in the loose 
materials from the borings, indicates that they have taken quite as important a share 
in forming the earlier stages of the reef as of those now in progress. In some parts 
of the Main Boring, where the rock has been largely altered by dolomitisation, their 
walls have been broken down and partially obliterated, though not to the extent to 
prevent recognition, but on the whole their structures have been well preserved. The 
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Ii]8T of Genera of Forrtininifera, sliowing their Range of Occurrence in the 



different Borings. 



Families. 



Miliolirla 



J) 



Astrorhizidse 
Lituolidae 



M 



j> 



Textularidne 



?j 



Lagenidue 

Globigerinida 

Kotalidse 



•J 

n 



Nummiilinidai 






Range in feet fiom surface. 



(Tenera. 



Main 
looping. 



Nnbn'tilnr'm^ Dkfic 

Sj/irol(>f'nlina, d'Okbikny . . . 
Miliolitui, ANjUJAAISON . . . 
Ophthaliniiliuni, KUBLEK . . . 
Cornitspira, Schultzk .... 
rrnfr(ypli.% MoNTFCjRT .... 

OrhitoHif^^ Lam 

Jlreolina, d'Orb 

Sar/eninii, CHAPMAN .... 
naaypaiUnn, d'Orb . . . * . . 
B^lf'Uniilina, CARTErx .... 
Ifathimia, CHAPMAN .... 

yWfularin, Defr 

I'frnfHilina, n^Onii 

(rdm/r/nna, d'Orp. 

V(ilrnlimf, d'Orr 

Holt I'i nil, d'Orb 

ManjinnJina, d'Orb 

('rh<foUaria, Lam 

Satn'in(fy Parker and Jones 

(Uohiijenna, p'Orb 

I'nUcnia, Parker and Jones 

SpirilJina, Khr 

rdtf'Uina, Whj 

([ilnihaJoj}f)ra, HACi 

J)i.<rorlnna, Parker and JONES . 

PJanorhvlina, p'Orb 

7riinraf}tlina, d'Orb 

JnomaJinti, Parkkr and JoNES 

Carpcnhria, (tRAY 

PiihinvUna, Parker and J<)NF>i 

Ihtalia, Lam 

i'alranna, d'Orb 

Tinoponiii, Carp 

(ifipdm, Carter 

Pnliifrema, RiSSO 

JVanumina, d'Orb 

PoJi/sfoiiif'llay Lam 

Ainphi.<tf'fiina^ d'Orb 

/{fhrosfrijina, d'Orb 

CifrlorJifjH'iis, Carp. . . . . 



1 - 350 
120 844 
65-1113 
812 

• ■ • 

854 

1-1114 
660? -740 

25- 973 
742 
3 - S80 
65-1114 

• • • 

1013 

1009 

330 -863 

255 

65- 160 

65 

25-1109 j 
i 
65 

220 643 

65- 747 

37-1109 

65- 680 

170- 370 

18-1114 

70-1077 

901 

240-1113 

1- 373 

5-1114 

1-1114 

140- 888 

• • • 

1-1114 

65-1114 

567-1074 



First 

Horing, 

C. 



1 50 
1- 90 



1-105 



1- 30 

1- 30 
90 
90 

30- 50 



50- 80 

30- 80 

90 

• • « 

30- 90 
90 

90 

• • • 

1- 90 
1- 85 
80 -85 

■ • • 

1-105 
90 



Second 

Boring, 

D. 



40 
40 



40. 70 
50- 72 



40 

40 
40- 70 

• ■ • 

70 
30 70 
40 
40 
70 
70 



12 74 
40- 70 



12 
40- 
50 
12- 



70 
70 
60 
72 



12- 72 

70 



Range in 
feet from 

lagoon 
floor. 

Lagoon 
Boring L. 



21 62 
50-144 



50 -82 

21 -82 
21- 62 

50 
35- 82 
21-144 



21 



21 
21 

50- 62 



35-U4 
21-144 
21- 75 

50 
50 94 
21- 62 

35-144 

21-144 
21-144 
21 - 82 

50 
21 144 
21 144 



when there is a hreak, and it reappears at the dei)th of 660 feet, and is present 
sometimes in great mnnbers in most of the solid cores down to 770 feet; below this 
level it only occurs si)oradically at the depth of 1035, 1042 and 1074 feet. The oores 
in which this form is most abundant between 660 and 770 feet from the surface, are 
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very largely composed of foriiiniiiifera and Ilallineda'^omtH, whilst corals are only 
sparsely present. Cijclocli/jtrusWdH only been met with in the Main Boring. According 
to Mr. Chapman* it has not heen found in the lagoon dredgings ; in those from the 
outer slopes of the reef it occuis from ;U)--l'()0 fathoms. 

(7n) Notf:s on thk. Oohai/^ fuom the Funafuti BoKixGs.t 

Reference has aheady heen made to the important changes which the corals in the 
borings have undergone in the course of fossilisation, and to the dithculties arising there- 
from in determining tlieir original characters and affinities. Throughout the three 
shallower l)orings, and in tlie Main Borhig to a depth of about 180 feet from the surface, 
the corals in the cores retain their walls and other structures, as a ride, in fair 
preservation, {dthouufh many of their characters are much obsciued l)y the way in which 
their interstices have l)een intilled with a secondary deposit of tilno-crystalline carbonate 
of lime, which often closely simidates the natural structures of the corals. At neater 
depths in the boring, the corals for the most part have been dissolved, leaving casts 
of fine calcareous sediment or of crystalline materials, which in some cases remain 
empty, whilst in others they are lefilled with crystalline calcite or dolomite. Very 
frequently also the coral has been entirely dissolved away, leaving a cavity lx)unded 
by consolidated calcareous sediment, which l)ears the imprint of the exterior surface 
of the coral, and within the hollow there is an interlacing network of delicate fibrous 
threads and nodes, which are the tul)es made by boring sponges and other organisms, 
now solidly infilled with sediment. The dissolution of the coials in the boriuiifs coidd 
obviously have taken ])lace oidv after the consolidation of the calcareous mud which 

V X t,' 

had covered them. 

Owing to these unfavourable changes, the minute structural details, on which the 
specific characters of recent corals depend, are usually obliterated in these fossil 
forms, and even the characteristic wneric featm'es of some of the closely allied 
Astraean corals are no longer recognisable. The determination of the genera and 
species in well preserved recent corals is often very difficult, owing to their wide 
range of variability, but in the case of most of the fossil Funafuti specimens complete 
identification is well nigh hopeless. It seems highly juobable, however, that they all 
l)eloug to known genera of reef-building corals, and most of the species appear to be 
closely allied to, if not the same as, those already described. In only a single 
instance has there been sufficient ground for regarding a form as a new species. 

As shown in the accomjianving hst, the corals from the Innings comprise 2 genera 
of Hydrocorallinie, 2 of Alcyonaria, hS of Madreporaria Aporosa, 10 of which l)elong 
to the Astraiidie family, 5 of Madreporaria Fungida, and 6 of M. perforata. With 
the single exception of Goruopora, these genera are all present in the Main Boring, 

♦ *Linneaii Soc. Joiirn.,' Zoology, vol. 28 (1900), pp. 21-26. 

t As previously mentioned, for the sake of convenience, Alcyonaria and Hydrocorallinte are included 
with the Madrepoi'aria undei- the general term " Corals " in this report. 
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liiST of Genera of Foraniinifera, showing their Range of Occurrence in the 



different Borings. 



Families. 



Miliolidje 



*• 



Astrorhizidae 
Lituolida? 



♦» 



» 



Textularida^ 



?« 



?> 



Lagenida? 
GlobigerinidtT 
Kotalidse . 






Nummulinidsp 






Genera. 



Niilnriilariii, Dkfi: 

SjiirohMii/ina, n'ORliluNY . . . 
MilhlifUl, AN IKLIAMSON . . . 
(fjthf/taliiihiiuin, KuBLEIi . . . 
Corniiffjnra, ScHULTZK .... 
Fenm>j/li.s Montfort .... 

OrlifoHie.% Lam 

Jb'f'olmi, d'Orb 

Sof/f'nina, Chapman .... 
PJarnp.'iilhia, d'Orr . . . * . . 
HtMJoit/ina, Carter .... 
Hathlnn'm, CHAPMAN .... 

Tf'.rfiflaria, Dkfr 

I'tnifuilina, JVORh 

(r(ini/r//ina^ p'Oru 

Valriiiina, d'Orr 

liolirina, d'Orb 

MartjinnUna^ d'Orr 

frisfellaria, Lam 

Siunina, Parkkr and JoNES 

(Uobhjcnna^ d'Orr 

PvUfvia, Parker and .Ionf.s . 

S'jnrillina, P]hr 

Pntf'Uim, Will 

Cf/iiihaJo//ora, Hag 

IHAcorhina, Parker and JONES . 

rinnorhvlina, D'ORli 

TnmmhiJina, d'Orb 

AiumaJinu, Parker and Jones 

Carprnfrria, (tRAY 

PvlrinHlina, Parker and JoNES 

liofuHa, Lam 

Calrarha, d'Orb 

Tinojioniii^ Carp 

(tf/psifui. Carter 

Pohltrnna^ Risso 

Aimumina, d'Orb 

Poli/sfoiiiplla^ Lam 

A mphiiifcfiinn^ 1)T)rb 

H^'ferosff'tfiria, d'Orb 

CyrJorJt/pnis, CaRP. . . . . 



Range i 

1 


n feet fiom 


surface. 


Range in 

feet from 

lagoon 








Main 
HoriTig. 


First 


Second 


floor. 


Horing, 
C. 


Boring, 
I). 


Lagoon 
Boring L. ' 


1- 350 


1 .■)() 


1 




120 844 


■ * • 


40 


21 62 


i 65 1113 


1- 90 


40 


50-144 


, 812 








• ■ • 


... 


40. 70 




854 








1-1114 


1-105 


50- 72 


50 -82 


660? -740 








; 


• • a 


• a • 


21 -82 


25- 973 


1- 30 


• • • 


21- 62 


742 


• • • 


... 


50 


3- S80 


1- 30 


• • • 


35- 82 


65-1114 


90 


... 


21 144 


• • « 


90 






1013 








1000 


30- 50 




•21 


, 330 -863 


• ■ • 


40 




255 








' 65- 160 


• • ■ 


40 




65 


• « ■ 


40- 70 


21 


1 25-1109 


• • • 


• • • 


21 



65 

• • • 

220 643 
65- 747 
37-1109 
65- 680 I 
170- 370 : 
18-1114 ' 
70-1077 
90? 
240-1113 
1- 373 i 
5-1114 
1-1114 
140- 888 
i 
1-1114 
65-1114 . 
567-1074 



50- 80 

30- 80 

90 

• • « 

30- 90 
90 

90 

1 90 
1- 85 
80 -85 

• • • 

1-105 
90 



70 
30 70 
40 
40 
70 
70 



12 74 
40 70 

12- 70 
40- 70 
50 60 
12- 72 



12 72 
70 



50- 62 



35-144 
21-144 
21- 75 

50 
50 94 
21 62 

35-144 

21 144 
21-144 
21 - 82 

50 
21-144 
21 144 



when there is a l)reak, and it reappears at the depth of C60 feet, and is present 
sometimes in great numbers in most of the solid cores down to 770 feet; below this 
level it only occurs sjioiadically at the depth of 1035, 1042 and 1074 feet. The oores 
in which this form is most abundant between 660 and 770 feet from the surface, are 
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List of (ienera and S])ecies of Corals, showing their Range of Occurrence in the 



different Borings. 



Families. 



deiiera and species. 



Kauge in feet from surface. 



Main 
Boring. 



First 
Boring, 



Second 

Boring, 

D. 



liaiige ill 
feet from 

lagoon 
floor. 

Lagoon 
Boring, L. 



HYDKOZOA. 



Hydkocorallin.e. 



Milleporida' 



j» 



Stvhisteridie 



Alcyonidiv . 
Heliopui idir 



Mill^fom, Linn 

Sft/hisf^r, (tHay 



ACTINOZOA. 

AlXVONAUlA. 

bibttithflfiini, .\LVKKNZ. . 
Spicules detached . . . 
IMiojKjra rorHlrti, Pallas 



1 nil' 
1 - 120 
75 



Madrki*ukauia AroKOSA. 



Oculinidic 
IVK'illoporida.' 



5? 



AsLneida 









Sffflopli(/r(ij M.En. and H. . . 

Seriufajjora, LA3I 

Pftrillo/Kua, Lam 

», rf, f/hmiemfa, Gakd. . 

Efi/tlttfllia, Dana 

(Whfiia, M.-Ki). and IL . . . 
„ rf. (Itedaka, Ell. and SoL. 

Jsfnea, Lam 

„ rf, d(mtict(JatUy VaLL. and SOL 

lobtUOy M.-E. and IL . . 

(hmiastrmiy M.-En. and IL . . 

rf, e.cimiiiy Dana . . 

solhUi, Blainv. . . 

J*ritm(i^^fnm, M.-Ei>. and H. . . 

,, rf, inaffnijira, BLcVINV. 

(h'hh^Jla, Dana 

Itrlioj/oiv, Lam. . . 
rf aaopora, Ltnn. . . 

rf orhiiy Dana . . . 

rf fnnafHtrnm^ (4ak1). 
pldwlea^ Eix. and Sol. 
Jftjihwphora^ M.-Ed. and H. . . 

„ inin'ocana, Lam. 

([i/phnjitraa, M.-Ed. and H. . . 
„ rf Sad{tniiiy M.-E. and H 

(hdiuru, Okkn 

rf, Ijiinnirki, M.-El>. andH 
rf, EJJiffi, M.-Ei). and H. 









>> 
n 



;5i'-iiu 

430-1086 
10-1114 
90 
1075 
340-1108 
785 
6-1105 
790 
600- 977 
210-1104 
765 
957 
531 ?-1025 
944-1025 
82-1103 
95- 753 
751- 778 
803 
914 
1011-1089 
642?-921 

749 
654-1108 

654 
765- 950 
904- 910 
949- 950 



^0 



50-105 

• • • 

80- 85 



50- 85 



1-105 



30-60 



1-1112 


• • • 


• • • 


116-144 


40-1113 


90 


40-70 


62- 82 


1- 210 


1-105 


40-50 


' 62-144 



35-112 
60-72 i 81-144 



103 



12-72 



82 
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List of Grenera and Species of Corals — continued. 



Families. 



Genera and species. 



MaDKEK)RARIA FrXGIDA. 



Fungidffi. . 
Lophoserida} 






Sideradrwa^ Blainv. . . 

Funt/Ui, Dana .... 
j HaJmnifra, Dana . . . 
I Cfjrla'ieru<j M.-Ed. and H. . 
„ cf. n/rlolifeSy hAM. 

Pmmmofwa, Dana . . . 



Madreporaria Perforata. 



Madreporidse 






Poritidae . 



>» 
»> 



MadrepoTiiy LiNN 

„ c^mterta, sp. n. . . . 

Turlkmiria, Oken 

Jsfrceopom, BlAlNV 

Monfipfmi, QuoY and Gaimard. 

Porite^^ Lam 

„ (ire/wsa, EsPER. . . . 
Goniopora, QuoY and Gaim. . . 



Range in feet from surface. 


Range in 

feet from 

lagoon 




— — . 








Main 
Boring. 


First 


Second 


floor. 


Boring, 
C. 


Boring, 
D. 


Lagoon 
Boring, L. 


10191-1110 








100-1091 


80- 85 


••• 


82-144 


5301 








716-10751 








736 








973-1064 


30 -50 


1 

• 




1-1114 


85 


! 
i 

i 12-72 


• 

35-144 


2- 972 




12-72 


103 

1 



88-1030 

30-1063 

9-1113 

782-1043 



30- 105 



12-72 
40-60 



103-144 

106-144 

35-94 

112-144 



and they are all well-known genera of reef-building corals. Of the 28 genera 
recorded from the borings, 22 are living at the present time on the reefs, or in the 
lagoon at Funafuti ; the 6 genera not recognised as at present existing in the region 
are Stylaster, Eu2)hyllia, Gahixea, Siderastrcea, CycloseAs^ and Goriiopm^a. The 
range of depth in the borings of the different genera is very variable. The commoner 
forms, such as Millepora, Lohoph ytum, Stylopharay Pocillapora, Astrcea, Orhicella^ 
Funffia, Madrej)ora, AstrcBopm^a, Montipors,, and PointeSy range from the top to the 
bottom of the Main Boring, but not continuously, for a particular form which has 
flourished through a series of consecutive cores will often disappear altogether for a 
variable interval, and then comes in again. The genera of comparatively rare 
occurrence, such as Hydnophoray Gdlaxea, Cycloseris, and Turhinia, are apparently 
restricted to the lower third of the Main Boring. 

h yd uocor allin^. 

Genus Millepora, Linn. 

This genus is common in the Main Boring from the surface to the depth of 125 feet. 
Between this level and 930 feet it has only been met with sporadically at very wide 
intervals ; from 930 feet to the bottom of the boring it is again frequent. It is rare 
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in the First and Second Borings. The only species recognised is M. nodosa^ Esper. 
This species, with three others of the genus, have been determined by Whitelegge,* 
at Funafuti. 

Genus Stylaster, Grey. 

Only a single small fragment was observed in unconsolidated material from the 
depth of 75 feet in the Main Boring. No recent example of the genus has been 
recorded at Funafuti. 

Alcyonaria. 

Genus Lobophytum, Marenzeli.ei^ 

Fragments of the cylindrical or compressed basal stem of forms of this genus, 
embedded in the solid cores, are present occasionally at various depths throughout 
the Main Boring, and also in the Lagoon Boring. They consist of a mass of fusiform 
tubercular spicules, reaching to 2 millims. in length by 0*5 millim. in thickness, which 
are nearly in contact, and without orientation. Tlie minute spaces between the 
spicules are filled with the matrix of crystalline calcite, or dolomite, or occasionally 
with consolidated sediment. The stem fragments are now generally encrusted by 
layers of Polytrema and Lithothamniony and to this envelopment their preservation 
as stems is partly due. 

Detached spicules of the same form as those in the stems are present in great 
numbers, both in the solid cores, and in the unconsolidated materials, throughout all 
the borings, and they materially contribute to the mass of the rock. These spicules 
are more resistant to change than the skeletons of Madreporarian corals ; they retain 
their fibro-crystalline characters when the structures of the corals associated with 
them in the same cores have been destroyed and obliterated. The genus Lobophytum^ 
to which the stem-fragments and detached spicules are referred, is now represented 
by several species, which, according to Whitelegge,! flourish plentifully in the small 
reefs of the lagoon at Funafuti. 

Genus Heliopora, Blainville. 

Heliopora c^rulea, Pallas. 

This form occurs frequently in the Main Boring, in a well-preserved condition, 
between 1-100 feet ; it appears again in the form of decayed casts at 190-210 feet ; 
below this level it has not been met with. It is also common in the First Boring, but 
rare in the Second ; pieces of it are also present in the Lagoon Boring at 62-144 feet 
below the floor. Professor Sollas| calls attention to this species, which with Porites 
forms a dead coral-reef slightly above the sea-level at low water, in the Mangrove 
Swamp at Funafuti ; Mr. Stanlev Gardiner§ dredged up a small living piece on the 

♦ Mem. III., Austral Mus., Sydney, part 7, 1899, pp. 374-377. 

t IMd.y 1897, p. 214. 

t *Roy. Soe. Proc.,' vol. 60, 1897, p. 510. 

§ * Cambridge Phil. Soc. Proc.,' vol. 9, part viii, 1898, p. 436. 
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outer slopes of the reef at 35 fathoms, and Mr. Hedley* found it alive and 
flourishing at low-water mark at the boat entrance of Nukulailai, an atoll about 
65 miles south of Funafiiti. 

Madkeporaria Aporosa. 

Genus STYLorHORA, Milne-Edwards and Haime. 

Small colonies of this genus occasionally occur in the Main Boring at long intervale 
apart. At the depth of 990 feet and from this to the bottom of the boring, they are 
more numerous and are present in nearly all the cores. The genus is also represented 
in the First Boring. It has not been possible to distinguish the species. J. Stanley 
GARDTNERt has recognised seven species on the outer reef and in the lagoon at 
Funafuti, between 5 — 30 fathoms. 

Genus Seriatopora, Lam. 

This genus has been met with in the Main Boring between 430 — 10S6 feet. Except 
in the lower part of the boring, it is not common. It is also present in the Lagoon 
Boring. The corallum is usually dissolved away leaving a hollow mould with the 
imprints of the calices in hardened sediment. J. S. GardinerJ records two species 
living at Funafuti at the depth of 20 fathoms. 

Genus Pocillopora, Lam. 

This genus is represented in all the borings, and is one of the commonest forms. 
Li the Main Boring, from near the surface to 750 feet, it is sporadic in its occurrence ; 
below this depth to the bottom of the boring it is very abundant. Segmental casts 
of the corallites are frequent in unconsolidated material ; the surface characters are 
seldom shown. Only one species has been distinguished. From the outer reef at 
depths of 5 — 30 fathoms, and from the lagoon at Funafuti, Mr. J. S. Gardiner§ 
describes fourteen species and varieties, but these ai*e so variable that he is 
"doubtftil whether all these so-called species should not rather be described as 
varieties of one species, the characters of which would be the characters of the whole 
genus." 

Genus Euphyllia, Dana. 

Only the cast of an imperfect specimen was met with in the Main Boring at 1075 
feet. This genus has not been noticed in the recent fauna of the atoll. 

Genus Cceloria, M.-Ed. and H. 

This genus was first observed in the Main Boring at 340 feet ; below this it occurs 
rarely as casts, at long intervals apart, down to 875 feet ; from this to the bottom of 

* Mem. III., Austral. Mus., Sydney, p. 308. 
t * Zool. Sec. Proc.,' 1898, pp. 995-1000. 
t Ibid., 1897, pp. 952, 953. 

§ Ibid.y pp. 942—952. 

2 T 2 



324 DR. G. J. HINDE. 

the boring it is fairly common and some specimens are in their position of growth. 
It is also present in the Lagoon Boring. Only one species, (7. dcedaleay Ell. and Sol. , 
has been determined. According to J. S. Gardiner,* the genus is very abundant on 
the lagoon shoals and also at a depth of 7 fathoms on the outer reefs at Funafiiti, 
and three species are recorded. 

Genus Astr^ea, Lam. 

This genus extends throughout the Main Boring, but it is of rare occurrence until 
reaching a depth of 845 feet ; from this to the bottom of the boring it is common. 
Two species have been recognised, A. denticulatay Ell. and Soll., and A, lohata^ 
M.-Ed. and H., both of which are now living in the lagoon and outer reefe of 
Funafuti. 

Genus Goniastr^ea, M.-Ed. and H. 

A specimen of the genus occurs at the depth of 210 feet in the Main Boring, no 
other forms have been noticed till reaching 765 feet ; from this to nearly the bottom 
of the boring it is present at intervals. Two species have been determined, one 
G. solida, Blainv., the other is closely allied to G. eximia^ Dana. No living forms 
have been recorded at Funafuti. 

Gends PRfONASTR^A, M.-Ed. and H. 

A cast ot a specimen referred with doubt to this genus has been met with in the 
Main Boring at 531 feet, below this the genus is represented sparsely at long intervals 
down to 1025 feet. Some forms approach closely to P. magnifica^ Blainv. 
J. S. GARDiNERt has determined a living species at Funafuti. 

Genus Orbioella, Dana. 

This genus is found rarely in the Main Boring between 82-914 feet ; below this to 
the bottom of the lx)ring it occurs frequently. It is also not uncommon in the Yvrst 
and Second Borings. 0. heliopora, Lam. and 0. pleiades, Ell. and Sol, have 
l^een determined; other forms are allied to O. acropora, Linn., 0. orion, Dana, and 
O. funafatends, Gard. J. S. GardinerJ has described seven species now living on 
the leeward reef and in the lagoon at Funafuti. 

Genus Hydnophora, M.-Ed. and H. 

Casts of three examples of the genus have been met with in the Main Boring 
between 642 and 921 feet. One belongs to H, microcoria, Lam., which has also been 
recognised by J. S. Gardiner§ in the lagoon shoals at Funafuti. 

* * Zool. Soc. Proc.,' 1899, pp. 740-744. 
t Ibid,, p. 760. 
t Ibid., pp. 752-757. 
Ibid.y p. 744. 
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Genus CYPHASTRiEA, M.-Ed. and H. 
This genus occurs very sparingly in the Main Boring between G54 and 1108 feet, 
one of the casts resembles C, Samrjnyi, M.-Ed. and H. At the depth of 82 feet in 
the Lagoon Boring a fragment has likewise been found. A recent species is recorded 
by Whitelegge* from the passage between the islets of the reef at Funafuti. 

Genus Galaxea, Oken. 

The genus is sparsely represented in the Main Boring Ijetween 765 and 950 feet. 
The casts indicate two species, one allied to G. Lamarcki, M.-Edw. and H., the other 
to G. Ellisi, M.-Edw^ and H. According to HEDLEvt this genus has not been met 
with as recent at Funafuti. 

In addition to the above, the cores of the lower part of the Main Boring contain 

numerous casts of Astra3an corals not sufficiently preserved for their generic characters 

to be distinguished. 

madreroraria fungida. 

Genus Siderastr^ea, Blainville. 

This genus has only })een met with in the lower part of the Main Boring, between 
1019 and 11 10 feet. No recent form has been observed at Funafuti. 

Genus Fungia, Dana. 
This genus is represented by casts and fragments in the Main, First, and Lagoon 
Borings. It appears in the Main Boring at the depth of 100 feet, and again at 
578 feet ; below this deptli to near the base of the core it is not infrequent, but the 
specimens are all too imperfect for specific determination. According to J. S. GardinerJ 
dead sj)ecimens of the genus are not uncommon on the beaches of the outer islands at 
Funafuti, indicating that it nmst flourish close outside the reef 

Gknus Halomitra, Dana. 

An imperfect cast from a depth of 530 feet in the Main Boiing probably belongs to 

this genus. J. S, Gardiner§ describes a new species of the genus from the lagoon 

shoals at Funafuti. 

Genus Cyoloserjs, M.-Ed. and H. 

Casts of this germs are not infrequent between 716-76G feet in the Main Boring, 

below this level they occur at long intervals to nearly the lx)ttom of the boring. The 

forms are closely allied to C, cyclolites, Lam. The genus has not been noticed in the 

recent forms of Fuuafuti. 

Genus Psammooora, Dana. 

This genus has been found in the First Boring and nearly at the base of the Main 

Boring. J. S. Gardiner] | describes several recent species from the lagoon shoals and 

the outer reef at Funafuti. 

♦ Mem. III., Austral. Mus., Sydney, 1898, p. 354. 
t IbuL, p. 350. 

I * Zool. Soc. Proc.,' 1898, p. 526. 
§ Ilnd,, p. 528. 

II Ibid., pp. 536-539. 
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Madeeporaria Perforata. 
Genus Madbepora, Linn. 
This genus is the most common and widely distributed of all the corals in the 
borings at Funafuti. In the Main Boring it is present very generally from the 
surface down to 150 feet, and many of the solid cylindrical cores are nearly entirely 
composed of masses of it in position oi growth. Then there is an interval of over 
200 feet, in which it has not been noticed ; it reappears at the depth of 375 feet, 
nnd extends, with occasional breaks, to the bottom of the boring. In the Second 
Boring (D) it is equally as prominent as in the upper part of the Main Boring. It 
is probable that several species are represented in the cores, but, with one exception, 
they are not sufficiently preserved to allow of satisfactory diagnosis and comparison 
witli recent forms of the genus. The exceptional species is very abundant, and the 
examples of it from the cores near the surface are in good condition ; it possesses 
certain features, more particularly an unusual development of the ccenenchyma, 
which distinguish it from any recent form with which I have been able to compare 
it. I have, therefore, been constrained to regard it provisionally as a new species, 
and have referred to it in this report under the name of Madrepora contecta. * Its 
characters are given below, 

Madrejiora fx>nteda, xp. n. Corftllum consisting of a massive base, from which robust, dichotomous 
branches itrc given oif. The brunches are 8-22 millims. 
in diameter, tbcy ha^'c a. generally upright direction, 
and they diverge at acute angles. The outer surface 
of the branches is longitudinally or obliquely striate. 
The interspaces between the branches are occupied by 
a growth of laminate ccenenchyma, which completely 
envelopes the branches and binds their lower portions 
into a continuous mass. 

The axial corallites are 8ul>-circular, 4-45 millima. 
across, the walls are thick, the calicinal aperture is about 
1'3 millim. wi<ie, and there are twelve septa. The 
radial corallites are thickly grouped round the axial, 
they are 2-25 millima. in thickness, the calices are 
about 1 millim. in width, with six to ten septa; their 
free distal ends are not shown in the specimens from 
the cores. In the crenenchyma there are numeroiu 
fully immersed corallites, at varying distances apart, 
sometimes separated by less than their own diameters, 
at others very sparsely scattered; they are elongate, 

w o. Ti 1 ( . .- t cylindrical, the walls are simple, the calices 075-1 millim. 

lig. 21. — Part of a transverse section of a mass i ' ^ 

of Madrepmi rml^dn, showing the branches of ^" ^^^^' '*''■*' "^"^ ^""''^ ^^P*^' ^"^^ *' intervale 

the coral completely surrounded by the lami- they are traversed obUquely by dissepiments or tabula, 

nate ccenenchyma. Enlarged IJ diameters. The ccenenchyma consists of a series of thin, horizontal, 

nearly. or slightly arched platforms or layers, supported by 

From the Main Boring, core 53, depth 40- numerous vertical spines or pillars ; the layers are 

50 feet, slide 619. ^^^^ g.^g mjjij,,, ^^^^^ .^^^^ ;„ pieces imperforate, 
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Fig. 22. — Part of ft I'crtical section of the same coral, 
showing in tho centre a small upright branch, and 
on the left of the figuie [lart of another bniiich ; the 
intermediate areas arc occupied by the laminate 
ccBiienchyma. Enlarged IJ diameters, slide 619a. 



in places with minute pores. The immersed corallites and the layers of the coenenchyma contrast greatly 

with the short radiiil ei>rallitcs of the branches, 

and more particularly as the Litter arc now 

thickened or solidly infilled with sclercnchynia, 

whilst the C(i;nenchynia with its corallites 

usually remain thiti. 

Perfect specimens of this form have not 
been obtaineil, but judging from sume of the 
cores of it, which arc 158 millims. in length 
by 103 millims. in width, it appears to have 
grown in large masses. It is very cjmniou in 
the Main ISoring to a depth iif 1 10 fi;et, and it 
also occurs in the condition of casts at intervals 
to the depth of 9T2 feet. It is likewise 
present throughout the Secotid Boring (D) 
and in the Lagoon Boring. Specimens have 
been submitted to Mr. J. Stanley Gardiker, 
who states that they diffei' from any of tho 

recent species collected by him at Funafuti, and they appear to be closely allied to 3f. paeifni, Brook. 
Mr. Gardiner considers that M. conterla cannot have grown at a depth of more than alwut 20 fathoms 
below the surface, and probably it lived at less than half this depth. 

The genua Madrepont ii])j)eais also to have been the best represented of the 
recent comls at Funafuti. Mr. J. S. Gardiner* hag determined thirteen species 
(including one new) from the lagoon shoals and outer reef, and Mr. WHlTELEGGEf 
eight species and one variety {two of which and the variety are new). With one 
exception, Whitblegge's species differ from those of Mr. Gardikeb. 

Genus Turbinaria, Okbn. 
This genus makes its appearance in the Main Boring at the depth of 652 feet ; 
below this to nearly the base of the boring it occurs sporadically, sepai-ated by 
long intervals. The casts are too imperfect for specific determination. Both 
J. S. GardinebJ and C. Hedley§ call attention to the marked absence of the genus 
in the recent fauna of Funafuti, but in a small collection of corals made by Professor 
SoLLAS from this locality, tliere were fragments of cup-shaped examples of Turhiiiaria, 
which indicate that it still exists on the atoll. 

Genus Astr^opora, Blainv. 

In the Main Boring this genus occurs at a depth of 88 feet, and next below this 

at 650 feet. It is occasionally met with from this level down to 1030 feet. It is 



* 'Zool. Hoc. Proc.,' 1898, pp. 257-262, 

t Mem. IlL, Austral. Mus., Sydney, 1898, pp. 356-31 

X Loc. cil., p. 262. 

§ Loc. cii., p. 360. 
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also present in the Lagoon Boring. Mr. J. S. Gardiner* states that it is fairly 
abundant in the lagoon at Funafuti. 

Genus Montipora, Quoy and Gaimard. 

This genus is represented in all the borings, usually in the form of undulating 

layers of varying thickness, which grow horizontally over the surfaces of other corals. 

It occurs very sparsely in the Main Boring to the level of 775 feet ; below this it is 

somewhat more frequent, but not sufficiently well preserved for specific identification. 

Six recent species are recor<3ed by J. S. GARDtNERt from the lagoon and outer reef 

at Funafuti. 

Genus Porites, Lam. 

Next after Madrepora, this genus is the most al)undant of the corals in the 
Funafuti borings. It is met with throughout the Main Boring, but sparsely and at 
long intervals till reaching the level of 645 feet. From 870 feet to the bottom of 
the boring it is generally present ; some of the cores princij)ally consist of it, 
apparently in its position of growth. The largest massive specimen found, at 970 feet 
from the surface, has a vertical diameter of 325 millims. (13 inches). Only one 
species, P. arenosa, Espeu, has been identified. Porites is also present in the Second 
B^jring (1)) and in the lower part of the Lagoon Boring. Mr. J. S. GabdinerJ has 
described eight recent species and varieties of this genus (including P. arenosa)^ most 
of them new forms ; with one exception these lived on the shoals of the lagoon at 
Funafuti. 

Genus Goniopora, Quoy and Gaimard. 

Fiagments of this genus have been met with in the lower part of the Lagoon 
lairing. It has not been found in the other borings, nor has it been noticed in the 
ViH'Aiui fauna of Funafuti. 

Undetermined C(yrals, 

In addition to the above, there are many casts of corals in the cores, more 
jiHrtioularly in those from the lower part of the Main Borirjg, the condition of which 
JM HO unfavouiable, owing to dolomitisation and other causes, that their generic 
oharanturH could not be determined. All that can be distinguished is w^hether they 
WW apiiroHO or perforate forms. 

(7o) NoTii>4 ON Various Organisms and on Calcareous Alg^: from the 

Funafuti Borings. 

Sponges. 

^nx ^iHH^iluf^HH of either siliceous or calcisponges have been noticed in the boring 
^^i^Wi^K ^^^^t Niliceous boring sponges belonging to Cliona and allied genera must 

* ' Zool. Soc. Proc.,' 1898, p. 263. 
t mi., pp. 265-267. 
t Ibid., pp. 267-276. 
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j^i-e^iter part of the rock, and between 652-660 feet in the Main Boring they are the 
main constituents of the cores. As a rule their structure is well-preserved, so that 
they are readily recognised in microscopic sections. The specimens in the Lagoon 
Boring have been determined by Miss Barton* (Mrs. Gepp) to belong to H, opuntia. 
Lam., var. macnypus, Askenasy. According to Mr. Finckh, Ilalimeda is remarkably 
abundant both on the present floor of the lagoon and on the ocean slopes of the reef at 
Funafuti. 

Genus Lithoth amnion, Philippj. 

This genus is represented in the different borings by branching, nodular, and more 
especially by encrusting forms, which grow over corals and other organisms so as to 
form layers of very compact dense rock. In many parts of the lx)rings, pai'ticularly 
l)etween 730-1100 feet of the Main Boring, Lithothamnion materially contributes to 
the cores. In the recent examples of calcareous algae from Funafuti, Professor Foslie 
distinguishes, besides Litliothamnion, two other allied genera, LitliophyUnm and 
Goiuolithon, but in the fossil forms enclosed in the solid cores it has not been 
practicable to recognise the distinctive characters of the two latter genera, and they 
have therefore been all placed under Lithothamnion, 

(8) Summary. 

Of the borings carried out at Funafiiti with the object of investigating the 
structure of a coral reef, the most important is that known as the Main Boring, 
which reached a depth of 1114^ feet. The two earlier borings, which had to be 
abandoned after reaching 105 feet and 75 feet respectively, were practically similar 
to the corresponding depths of the Main Boring. The two borings in tife lagoon, 
situated near each other, penetrated to 113 feet and 144 feet below the floor of the 
lagoon, the depth of water at the spot being 101 feet. 

In the Main Boring, for a distance of 748 feet from the surface or about two-thirds 
of its depth, the greater part of the rock passed through w^as either unconsolidated 
or so lightly cemented that in the process of drilling about nine-tenths of it was 
reduced to granular and powdery fragmental material and the remaining tenth was 
solid hard limestone. The lower third of the boring, from the level of 748 feet to 
tlie lK)ttom at 1114 feet, consisted almost entirely of dolomite or dolomitic limestone 
sufHciently liard to yield a practically continuous solid rock-core, \vith a total length 
of »1I 1 feet, or 85 per cent, of the distance passed through. The rock throughout 
the Ixiring is either limestone or dolomitic in character ; no silica has been observed, 
and there are no traces of pumice or other volcanic products. The rock cores do not 
hIiow any distinct evidence of stratification. 

Tliti rock ap})ears to be entirely of organic derivation, consisting principally of 
thu hktilntal remains of corals and foraminifera with calcareous algae belonging to 

* * Linnsean Soc. Journ.,' Botany, vol. 34, 1900, p. 481. 
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Halimeda and Lithothamnion, With these are commingled, mostly in a fragmentary 
condition, the spines and test plates of echinids, annelid tuhes, crustacean tests, 
polyzoa, ascidian spicules, sponge spicules and the shells or casts of lamellihranchs 
and gastropods. These fragmentary remains are embedded in a calcareous sediment 
of minute organic particles and amorphous material, which fills up the interapaces of 
the corals and other organisms, and the whole mass is cemented by either crystalline 
carbonate of lime or dolomite. In places the crystalline cement is only slightly 
developed, and the organic debris then readily breaks up into its constituent 
elements. After consolidation many of the smaller organic particles have been 
dissolved, leaving the rock })orous, and larger cavities have been produced by the 
removal of corals by solution. The corals, unfortunately, have suffered greater 
alteration in the fossilisation than any of the other organisms in the rock. From 
the surface to the depth of al)out 180 feet, the structural change has not \yeeu 
great, but they are often obscured by the infilling of their interstices with fibrous 
crystalline material ; at gi^eater depths the coral walls and other structures have 
been dissolved and removed, and only casts in sedimentary or crystalline materials 
remain. 

The construction of the rock is best shown in the solid cores from the upper part 
of the lx)ring to the depth of 150 feet, and in the lower third, from 750 feet to the 
bottom. The solid cores, in the upper portion, to a large extent consist of masses of 
coral — Mille/pojxt, Heliojxyyrt, Focillopora, and Madrepora — in their })ositions of 
growth and often overgrown by LitJwthamnion, but not much changed, otherwise 
than by the infiltration referred to above. The interspaces between the corals are 
filled with foraminifera, fragmentary organisms and sediment, and these materials 
also compose the softer, incoherent portions of the rock, which in this part of the 
boring comprise five-sixths of the whole. Allowing for coral fragments amongst 
the delrris, the proportion of strictly coral rock would not be more than one-fifth. 

In the 350 feet of the lower part of tlie boring, where the rock cores are nearlv 
continuous, and the corals, now in the condition of casts, are more numerous and 
varied than nearer the surface, there is a similar disposition of layers mainly of 
coral, alternating with layers mainly of foraminifera and fragmentary organic 
materials. There is no sharp boimdary between these alternating layers, they 
gradually merge into each other. In contrast to the incoherent foraminiferal and 
fragmental layers of the higher part of the boring, these layers are here cemented 
by crystalline dolomite, and they are harder and more compact than the coral layers. 
These latter form a larger proportion of the whole rock than in the higher beds, 
but even here they appear to be considerably exceeded by the foraminiferal and 
fragmentary rocks. 

In that portion of the Main Boring between 150 feet and 748 feet, the greater 
part of the rock has broken up into granular particles, and only about 8 per cent, of 
it has reached the surface as solid cores of limestone. Both the cores and the 
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fragmentary materials largely consist of foramiiiifera and organic debris, with only a 
small proportion of corals. As mentioned above, the corals in the boring below 
180 feet have been greatly altered and reduced to mere casts, some of which are so 
friable that they can he crushed between the fingers. Fragments of such casts are 
present in the broken-up rock, and it seems highly probable that the fragile nature 
of the rock in this part of the boring may result from the destructive changes in the 
corals. But judging from the solid cores which have been preserved, the foraminifera 
and fragmental organic debris would form a still greater proportion of the rock than 
in the 150 feet alx)ve. The rock of the lower part of this division l)etween 640 feet 
and 748 feet is generally friable, porous, and chalky-looking, coral casts are more 
numerous in it, Halimeda is abundant, and the cementing material is dolomite, thus 
showing a gradual i)assage into the rock l)elow. 

The corals recognised telong to twenty-eight genera ; with one exception they are 
present in this Main Boring. They all belong to well-known reef-building forms, 
and most of them still exist on the reef and in the lagoon at Funafuti. Of the 
foraminifera forty-one genera have been determined, thirty-five of which occur in 
the Main Boring. Only seven of these genera are of significance as rock formers, 
and, like the corals, they are still flourishing on the present reef or in the lagoon. 

Although there are considerable differences in the character of the rock in different 
parts of the Main Boring, tlie evidence appears to me to indicate a continuous 
formation of reef rock, without any abrupt break, from the depth of 1114 feet to the 
present time. 

In the lK)rings beneath the floor of the lagoon, the rock for a distance of about 
70 feet consisted principally of the joints of Halwieda with a small proportion of 
foraminifera ; these materials were quite loose and not cemented together in any way. 
Between 70 feet and the bottom of the boring at 144 feet the rock is a rubbly 
limestone cemented by caJcite, in which Halimeda diminishes and is replaced by 
corals and foraminifera of the same kinds as those in the upper part of the Main 
Boring. The organisms are, . as a rule, well preserved, and their structures are, if 
anything, better shown than those at corresponding depths of the Main Boring. 
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Table showing the Distribution of Genera of 

N.B.— The figures in the columns indicate the number of the particular rock-core in which the organism occurs ; 
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Foraminifera in the Cores of the Main Boring, Funafuti. 

where the organism is found in samples of loose materials without numbers, its presence is m<arkecl by a cross. 
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Pen. 250a 



216a, 218a, 
219a, 220a- 
227a, 229a, 

234a 

235a 

258a, 262a 

287a, 294a- 
296a 



Tx. 174 a 



Tx. 224a 













1 

1 






Boliyina 












Miliolinu 




Alveolina 


Bdclloidina 


= Bl. 






Depth from 

surface in 

feet. 




XubcL'uhiria 


= Ml. 




= Al. 


= Bd. Ghiudryina ! Marginulina 




Xos. of cores. 


= Nb. 
Spirolot'ulina 


Ophtlmlmidiinn 


Orbitolites. 


Sagenina 


Haddonia = Gv. 
= lid. Valvuliua 


= Mg. 
Cristellaria 


Globigcrina. ' 




= ^'p. 


Poncroplis 




Placopsiliua 


Tcxtularia = Yal. 


= Or. 












= Pen. 


1 
1 


= PI. 


= Tx. I 


Sagrina 










■ 




1 

1 








= 8n. 






546-555 


290-296 


1 


1 


294, 296 






i 
1 

1 


« 


555-567 


Xo solid cores 












1 


I 


567-578 

1 


'296a-296b 


1 

1 

1 








Tx. 296o 






296a 




578-698 


297-30.1 


1 

1 


Ml. 304 


i 








Bl. 304 


304 




598-612 


305-306 


1 

1 














305,306 




612-624 


No solid cores 




















624-637 


307-312 




Ml. 307 309 












307-309 




637-6^13 


313-320 


Sp. 320 


Ml. 314 


320 




Tx. 318, 320 






320 




643-652 


321 335 


8p. 334 


Ml. 328, 331, 
335 












329-331, 
332,334 




652-660 


336-343 




Ml. 336 


336-338, 




Tx. 341 


1 


342,343 












340, 341 














660 670 


3tl-3^7 






340 


Al. ? 345 


Tx. 346, 347 






344, 346, 347 




670-691 


348-356 
















348-352, 






















354, 355 


691-698 


357-366 






364 




Tx. 361 






357, 359-361, 
















1 




363-366 




698-706 


1a-2a 


















706-716 


3a-Sa 










1 








716-736 


9a-16a 








Al. 13a, 14a- 






11a, 12a, 14a, 














16a 


1 

1 


16a 




736-748 


17a 3lA 






22a, 25a 


Al. 2lA, 22a , 


Bd. 25a 


22a, 25a 




748-763 


32A-51A 


Sp. 42a 




45a-54a 




lid. 36a 
Tx. 45a, 16a 




40a ?, 45a, 
46a, 51a 




763-771 


55 A -73 a 






55a, 5Ga, 58a 


1 

1 


t 




59a, 63a 




1 








60a, 61a 


1 


1 




i 


771-781 : 


74A-96A 






75a, ^Ga 








i 




781-790 i 


97a-122a 






lOlA, 105a, 


PI. IMa, 


1 

Tx. lOlA, '. 














106a, 108a, 


115a 


112a, 115a 
















110a, 112a. ' 


1 










1 








113a, 120a 


1 
1 










790-798 

1 


123A-141A 

1 




: 


126A-128A, 
133a, 138a 
140a i 


, 


Tx. 135a 

■ 








798-80-1. 


145A-156A 












1 


1 







161a 



197 a 
203a, 204a 

217a 



246a 

Bl. 267a 250a, 258a 
282a 283a 
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1 






-f- - ■ " 




Boliyina 


1 






' Miliolina 1 




Alyeolina 


Bdelloidina 




= Bl. 






Depth from 

sujrface in 

feet. 


Nubocularia , = Ml. 




= Al. 


= Bd. 


Gkudrvina 


Marginulinn ' 


1 


JNo8. of cores. ^ • i t ' r\ 1 
Spiruloculinu = Op. 


Orbitolites. 


Sagenina 


Haddonia 
= Hd. 


= Gy. 

Valvulina 


= Mg. ; 

Cristellaria I 


Globigerina. i 


; = Sp. Pcneroplis 




Placopsilina 


Text ul aria 


= Val. 


= Cr. 








= Pen. 

1 1 




= PI. 


= Tx. 




Sagrina 








1 
1 








1 


= Sn. 

i 


1 


874-881 


297A-310A 


1 


297 a -310a 


- 


Tx. 309a 








1 


881-890 


311A-325A 






311a-325a 














890-899 


326A-340A 




326a, 329a- 




Tx. 329a, 






! 








333a 




336a, 337a 










899-910 


3'tlA-353A 


■ 


3i2A 3o2a 




Tx. 345a 










910-922 


354A-376A 






362A-364A, 










1 










:^66a-376a 














922-986 


377a-404\ 




IVri. 377A-379A 
Ml. 388a, 289a 


380A-382A, 
388a, 3S9a, 
396a, 397a, 




Hd. 388a, 

389a, 398 a, 

Tx. 396a, 






398a, 399a 








; 


400A-403A 




400a, 401a 










936-945 


405A-421A 






407A-416A, 




















421a 














945-967 


422A-442A 






422A-433A, 










425a, 427a 












436A-442A 










1 
1 

1 


967-963 


448A-449A 


1 


443AHI49A 














963-973 


460A-470A 






450A-464A, 


PI. 470a 


Tx. 456a, 














470a 




457a, 


















470 a 










978-983 


471a^90a 






476A-479A, 
481A-490A 




Hd. 476a- 

479a 
Hd. 481a- 






1 






j 






484a 










988-991 


491A-607A 1 




491A-507A 




Tx.49lA, 














• 






494a 










991-1006 


508A-527A 






508A-520A, 
523A-527A 














1006-1016 


528A-542A 




Ml. 557a. 53Sa 


533a, 536a- 






Val. 534a 












: 


512a 






Gv. 537a, 






















*538a 








1015-1025 


513A-564A 






543A-564A 




Tx. 562a- 














1 






5G4A 










1025-1034 


565a-583Ai 






565A--568A, 
573a-583a, 














103l-1044i 


583A2-594A Ml. 590a 


583A2-585A, 




Tx. 584a, 














1 


688A-594A 




59()A 










1044i-1053 


595a-607a 






595A-60(JA 














1053-1066 


608A-627A 


• 
4 

1 


608a, 611a- 
627a 


1 


Tx. 618a- 
620a 






618A-620A 




1066-1075 


628A-643A 


1 

1 
1 

1 


628A-643A 




Tx. 628a 










1075-1087 


6'14a-661a 


1 

1 

1 


644a, 046a, 




Tx. 659a 


















(;48a, 655a 














1087-1100 


1 
662A-682A 


Ml. 675a 


665A-672A, 


1 


Tx. 665a, 






675a 






1 


675a, 677a, 


1 


675a, 677a 












■ 


678a, 680a, 














I 




1 
1 


681a 














1100-11141 


, 683A-709A 




Ml. 70lA, 703a 
705a 


683a, 684a, 
687a-709a 




Tx. 695a, 

701a, 705a, 

709a 






701a 
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in the Cores of the Main Boring, Funafuti — contintied. 





Spirillina 


IMauorbulinj 


i: 
















= Sr. 


= Pb. 




Pulvinuliiia 






Nonionina 




1 




' Cymbaloporu 


Truncatulin. 
= Tn. 


Cjir|X'iit<'na. 


C alcanna . • ' 


PolytrtMua. 


= No. 
i Polvstoinclla 


Aniphistepinfl 

LoHtHMlii. 


I Uet'erostogiua 
dopressa. 


CVcloclypeufl 
Carpenteri. 


Discorbina 


Anoinaliiia 




- n. 


= l**^. 






• 


! 


^ An. 

1 

Pb. 3r6A, 


1 

1 
30«;a, 309a 






1 
1 

306a, 307a, No. 306a \ 297a-300a, 






■ 


11. 308a, 309a 


1 
304a, 309a 


309a 


1 
1 


309a 








309a, 310a 


301A-310A 








! Pb. 321a 


314A-317A, 


CI. 311a, 321 A 312a, 319a 


314A-325A No. 319a, 


311a, 312a, 


312a, 321a 




1 


1 
1 


o19a-321a 






320a 


314a, 315a, 
318A-325A 






! 


j 


330a 


n. 329a. 337 A 337a 


327A-340A 


329a-337a. 


329a, 336a, 






1 






1 340a 


337a 


. 






3t7A 


CI. 3^12 a -3 15 A ai2A-346A 


ailA-353A 


341a 347a, 


312A-346A, 














1 1 


350a 


352a 




■ 


Pb. 363a, 


362A-372A 


C1.361a,372a, 


364a, 372a, 


1 354A-372A, 


357a, 362a- 


' 360a, 364a, 








364a 




373a , 373a 


376a 


364a, 366a, 


i 372a, 373a 


















367a, 373a- 


1 


















376a 










Pb. 398a, 


377A-379A, 


1 377a-379a, 


377a-390a, 


377A-381A, 


377a-382a, 








399a 


383a, 398a- 


, 388a, 389a, 


396a, 397a, 


386A-389A, 


! 388a, 389a, 










401a 


; 400a, 401a 


•100A-104A 391a, 39-4A, 


i d9SA 
















395a, 397a, 














1 




•K)2a-104a 




, 








407a, 412a-! 


•105a, 406a 


405A-411A, 


105a^21a 


405a, 406a 










116a, 418a- 


i 


415a, 417a 














420a 




















. 422A-125A, 


C1.124.\,127a 


424a, 127a 


424A-433A ; 422a-438a 


124a, .125a, 










- 427a, 436a- 






i 


438a 










•1-11 A 




















4.t3A, 445a- 




443a 


41dA-449A 


4^13a-149a 


443a, 443a- 










449a 










•1-48A 










450a-«)1a, 




470a 


450A-458A, 450A-470A 


•155A-461A 










470a 


, 


456a^66a, 
470a 












476 a -48-1 a, 


4«7a-490a 


471A-479A 


•171a^90a 


476a^88a 










4S7A-t90A 


i 
















491A-494A. ' 


I 
C1.191A-191A 502A-504A 


491A-494A, 491a-607a 


491A-504A 










497a 




498a-507a 

523A-527A 508A-521A, 






1 








523A-527A 






' 




534a, 537a, 


534a 


528A-540A 


528A-534A, 


534a 








; 538a 






536A-538A, 
541a, 542a 


1 






1 




1 

' 560A-564A 

1 


Pul. 562a- 551A-553A, 

561a 557a-659a, 

562A-564A 


554A-564A 


543A-564A 






1 
1 




566A-570A, 
573A-5.S2A , 


573A-582A 


565a, 571a, 
572a 


565a-583Ai 


573A-582A 




1 




1 


CI. 590a, 584a, 585a, 


584A-587A, 


583a2-587a, 


584a, 587a 


5S4A 590a 


1 




1 


593a, 591a 590A-594A 


590A-591A 


590A-594A 


1 


1 




Pb. 606a 


606a 


595a, 598a- I 


695a-607a 


t 


595a-607a 


595a, 603a. 




1 








600a. 602a, 








606a 


1 












603a 






1 


1 








Pb. 611a- 


618A-621A, 


CI. 618a- 608A-621A, ' 


608A-627A 




608A-627A 


611A-627A 


1 


1 1 


622a 


623a 


621 A, 623a- 623a-627a 










1 








i 


625a 




1 


• 


' 








629a, 639a, 


628a, 629a, 


628A-6-10A, 


628A-643A 


630A-640A 


639a 








640a 


639a, &U)x \ 


642a, &13a 


1 

1 ! 










Pb. 646a- 


&4Aa 


Pul. 6.16a 641a, &16a, ; 


6-^^, 646a- ai-lA, 646a - 


648a 






1 


648a 




CI. (J.16A 


648a, 650a- ; 649a, 653a- 








1 




1 


1 

1 


652a, 655a, 


658a 


1 






] 




1 


' 


656a 


t 

1 

1 




1 




1 


Pb. 677a- 


675a, 677a, 


CI. 665a, i 665a, 675a- 


662A-664A, 


662A-682A 


67lA, 675a, 






1 


681a 


681a 


675a, 682a 1 677a, 681a 


668a, 671a, 1 


677a 






1 










675A-682A ' ! 








1 


Pb. 695a, 


699A-701A, 


CI. 703a, 


699A-701A, i 


683a-709a ; 683A-686A, 


703a, 705a, , 








701a 


708a, 707a, 


707a 


703a, 705a, 




, 689A-709A 


708a 






1 




709a 

1 




709a 


1 
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Bolivina 


' ■ 






Miliolina 




Alveolina 


DdcUoidiiia 


Veriieuilina 


= in. 




Depth from 

surface in 

feet. 


Niibo( uliiria 


= Ml. 




= A1. 


= lid. 


= Ver. 


Margin uliua 




No9. of cores. « • ~i" ',• 

1 Spiroloeulina 


Oplitlialniidiuin 

= o,,. 


Orbitolites. 


Sageniua 
= Sg. 


Haddonia 
= JId. 


OaudrviiKi 
- Gv. 


= Mg. 

i Cristellaria 


Globi^erin.*!. ■ 




= Si). 


Poiicroplis 




Plaeopsilina 


Textularia 


Valvulina 


= 0r. 






1 

1 

■ 


= Pen. 




= P1. 


= Tx. 


= Val. 


Sagrina 
= Sn. 




0- 30 


C. 1-C. 5, Nb.C.4 


Ml.C.l- 


i C. 2-C. 4, 
C. 5, 


PI. C. 4 


ITd. 5, 




1 




30- 60 


C. 6-C. 15 N]).C.0,C.12 


Ml.C.f» 


C. fi, 0. 10- 
C. 12 


1 


1 


Val. (;. 10 






50- 80 


C. IG-C. 22 




C. 19, C. 20, 
C. 22 


1 




1 


1 
1 




80- 85 

1 


C. 23-C. 28 




C.23 




i 








85-105 


C. 29-C. 3r, 




Ml. X 


C. 31 


1 


Tx. X 

1 


Ver. X 


1 





Table showing the Distribution of Genera of Foraminifera 



Depth from 

surface in 

feet. 



0-12 
12-20 
20-30 
30-40 



40-50 



50-60 



f)0-72 



No8. of cores. 



D. 1-D. 4 
D. 5-D. 10 
D. 11 D. 17 



D. 18-D. 35 



D. 36-D. 57 
D. 58-D. 74 





Miliolina 




Alveolina 


Bdelloidina 


Verreuilii.a 


Nubecularia 


= All. 




= Al. 


= Bd. 


= Ver. 


= Nb. 
Spiroloeulina 


^Tco^r'*" Orbitolites. 


Sageniua 


Haddonia 
= Hd. 


Gaudnina 
= Gv. 

• 


= .^p. 


Peneroplis 


Plaeopsilina 


Textularia 


Valvulina 




= Pen. 




= PI. 


= Tx. 


= Val. 



Sp. 



Ml. X 
Cor. X 



Cor. X 



D. 39, D. 51, 

D. 57 
D. 65, D. 72, 

D. 74 



Bolivina 

= Bl. 

Afarginulina 

= Mg. 

Cristellaria 

= Cr. 

Sagrina 

= Sn. 



Bl. X 
Cr. X 
Sn. X 



Sn. X 



Globigerina. 

PuUenia 

= Pla. 



X 

Pla. X 
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in the Cores of the First Boring (C), Funafiiti. 



1 

Spirillina 


Planorbulina 




1 






■ 








»Sr. 


- Pb. 


1 Pulyinulina 


Tiooporus 
Gypsina 












. Cyxnbolopora 

1 -cy: 


Truuiratulina ^, . 
_ rp Car|>cntcriu. 


1 = ^'".^• 
Culcarina 

1 


Polytrenia. 


Xonloninn. 


Ampliiste^na 
LeHHomi. 


Ilotcrostegina 
depressa. 


Cvclooljpous 
Carpenter!. 




Disoorbina 


Anomalina 


1 =C1. 


= Ghi. 














= Db. 


= An. 


1 

1 















1 

1 


1 




Ga. C. 4 ; 


C. 2-C. 4, 

C. 5| 
C. 6-C. 10, 


C 2, C. 4 








' 


Pb. C. 9 1 C. 6, C. 7 ?, 




Ga. C. 6, C. 9, 




C. 6 










C. 9, C. 12. 




C. 10, C. 12 


C. 13 












Dfl. C. 19 


Pb. C. 22 C. 19 




1 


C. 16, C. 19- 
C. 22 




C. 19, C. 21, 
C. 22 








C. 24 

1 




Ga. C. 23, 

C. 28 


C. 25-0. 27 


C. 23 ? 












Tn. X X 


Pul. X 


Ga. X 1 






C. 31, X 


X 








, 




Cdl. X 















in the Cores of the Second Boring (D), Funafiiti. 



■~ ~~' 1 




. 








" 










i 


Spirillina 

= 8r. i 
Patelliaa i 
«Pt. 
CTmbolopora 

Diioorbina 


PlanorbuliDti 

=- Pb. 
Trunoiitulinn 

= Tn. 
Aiiomalina 

=3 An. 


1 
1 

Carponl<»ria. 


Pulvinulina 
= Pul. 1 
Calciirina 
= C'l. 


Tinoporua 

= Tp. 

Gvpaina 

= Ga. 


Polytrenia. 


Xonionina. 


Amplii8te^ina llt'terostcgina 
Lcsaonii. depreaaa. 

r > 


■ 

CjcloclypeuB 
Carpenter]. 




8r. X , Cv. X , 

|Pt. X,D8. X 




1 

1). 2 

D. 15, X 


1 

CI. D. 2 

Pul. X 
CI. X 


Tp. X 


D. I, D. 3 

D.8 
D. 15-D. 17 

X 


■ 

D. 2 

X 

1 








' 8r. X 
Db. X 

1 


Pb X 


1 

! 1). 71 


! 

1 
1 

Pul. X 
CI. X 


Oa. D. 51 
Ti>. X 


D. 22, D. 23, 

' D. 28, D. 29, 

D. 31, D. ai 

D. 45, D. 51, 

D. 57 

1). 6S, D. 59. 

D. 63, 1). 65- 

D. 67, D. 72, 

D. 74 X 


i D 22, D. 25 
D. 61, D. 66 

X 


X 
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1 






Miliolina 




AlreoliDa 


Bdelloidinu 


Vorneuilina 


Boliyina 
= B1. 






Depth from 




Niibecularia 


= ML 




= Al. 


= Bd. 


= Ver. 


Marginulina 






floor of 
lagoon ia 


No«. 
of samples. 


= Nb. 
Spiroloculina 


Comuspira 
= Cor. 


Orbitolites. 


Sagenina 
= Sg. 


Haddoniu 
= Hd. 


Gaudrvina 
= Gy. 


= Mg. 

Crist-cllapia 


Globigerina. 




feet. 

1 




= Sp. 


Peneroplifl 
= Pen. 




Placopsilina 
= PL 


Teitiilaria 
= Tx. 


Valvulina 
- Val. 


= Cr. 
Sagrina 






1 

1 






• 






i 
1 




= Sn. 


X 




2U 


L. 2 


Sp. X 




Sg. X 
PI. X 


Ti. X 


Val. X 


Sn. X 
























35^ 

1 


L. 3 










Hd. X 










50 


L. 4 


Sp. X 


Ml. X 


X 


Str. X 

PI. X ? 


Bd. X ? 




Sn. X 
















Tx. X 










62 


L. 5 


Sp. X 


Ml. X 


X 


Sg. X * 

Pi. X 


Ti. X 




Sn. X 


X 




75 


L. 6 




Ml. X 


X 




Tx. X 










81^- 82 


L. 7, L. 16 






X 


Sg. X 


Hd. X 
Tx. X 










94i 


L. 8 










Tx. X 










103i-105 


L. 9, L. 15 




















106i 


L. 11, L. 12 




















1121 


L. 10 




















116 -144 

1 ... 


L. 13-L. 14k 




Ml. X 






Tx. X 






X 





Table showino; the Distribution of Coral Grenera 



Depth from 



Millepora. 



0- 10 

10- 20 
20- 30 

30- 40 



60- 70 

70- 80 

80- 90 

90-100 

100-110 

110-120 

120-130 

130-140 
110-150 
150-160 
100-170 
170-180 

18(V190 

190-200 
200-210 



= Sta. 



1- 11 

12- 18 
19- 33 

U- 55 



40- 50 : 56- 59 
50- 60 60- 67 



68- 84 

85- 93 
94-100 
101-108 
109-115 
116-120 
121 129 

130 134 
135-137 
138 141 
142-143 
lW-150 

151 15S 

159-175 
176-178 



1, 2, 3, 6 



35, 36, 38, 
39-18, 55 



Sta. iK> 



120 
121, 122, 
123, 125 



113 



surface in jNos. of cores. Stylaster x i? i. i. 
f^t isf« Loboph.vt 



Alcyonarian I Stylophora 

Spicules. Heliopora i = Sty. 



uin 



176? 



= Lo. 



Lo. 3 



56 



ca)rulea. 



101, 102, 108 

109, 115 

118 



l.o. 132, 131 

I 

138 I 

112, 143 
1 41, 1 15 
Lo. 1 16 
Lu. 151, 152, ' 

15(1 



1-3, 5. 7, 

8-11 

13-16 

19, 21-31, 33 

34, 35, 38-51, 
54-55 



77 



97, 98 

102, 108 

109 



160-173 
178 



Seriatopora 
= Ser. 



Sty. 39-51 
Sty. 56, 57 



Pocillopora. 



12,14 

37, 51 

56 



1 00 

103, 10 L KK)! 
113 

118 i 

121 12>> 

130 ; 



113 



Sty. 157 
Sty. 170 



1 5iS 



Conloria. 



A8tra^a• 



Goniastra^a 
= Go. 

Frionastrtea 
= Pr. 



5,6 



61 



111 



Go. 178 
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in the Boring below the Floor of the Lagoon, Funafuti. 



1 

1 Spirillina 


Planorbiilina 




1 




1 












-Sr. 


= Pb. 




Piilvinulina 


Tinoporufl 




Nonionina 










Gjmbalopora 


Truncatulina' ^ , 


= Pul. 


= T,). 


Poljtrema. 


= No. 


Amphistegina 


Ilet^rostogina 


OycloclTpeufl 




-Cy. 


= Tn. 




Calcarina 


GypHiua 


Polystomella 


Lcssonii. 


depressa. 


Carpenter!. 




Disoorbina 


Anouialina 




= C1. 


= G^a. 




= Ps. 










= I>s. 


= An. 




' 


















Tn. X 




Pul. X 


Ga. X 


X 


No. X 


X 


X 








Pb. X 




















Db. X 


Tn. X 

Pb. X 




CI. X 


Ga. X 


X 




y 


X 






Sr. X 


Pb. X 


X 


Pul. X 


Ga. X 


X 


Ps. X 


X 


X 






Ds. X 


Tn. X 

An. X 




CI. X 






















01. X 


Ga. X 


X 


No. X 


X 


X 






8r. X 


Pb. X 




Pul. X 
















Ds. X 

1 


Tn. X 
Tn. X 


X 


CI. X 
CI. X 

1 


Ga. X 


X 

X 
X 


N(». X 


X X X X X X 


X 

X 
X 
X 
X 
X 






Ds. X 

1 


Pb. X 




01. X 


Ga. X 


X 


1 
1 

1 
1 


X 


X 





in the Cores of the Main Boring, Funafuti. 



Orbioella. 



Hydnophora 

= Uy. 

Oypbastra'a 

= Cy. 

Galaxea 

= Gi. 



Astratan 

coral, genus 

unrertain. 



96 
105 



174? 



Fungia 

- Fu. 

Oycloseris 

= Os. 

Psammocora 

- Psa. 



Fu ? 1 10 







Montipora 






Oorals not 
determined. 


Halomitra 
== Hal. 


Madrepora. 

1 


= Mt. 

Turbiuaria 

= Tur. 


Astfffopora. 


Porites. 


Aporosa 
= Ap. 

Perforata 
= Per. 




1-4, 9-11 






8 


Per. 6. 




13, 16 






16? 






1 32? 








21, 22, 24 




52, 53, 55 


Mt. 34, 35-37, 
38 ?-47 






Per. 64 




58,59 












60-62, 65-67 


Mt. 63 










68-76, 78, 








74 




79-83. 








Per. 79-81 




85-88, 91-93 






89? 






94 




99 


94, 96 ? 
101, 107 






112 


Mt. 114 










116 


Mt. 119 










121, 122-125 












130, 131, 133 








Ap. 132 




135-137 












148 




1 
1 


145 


Per. 157 



2 y 
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Table showing the Distribution of Coral Genera 



Depth from 

surface in 

feet. 


Nos. of cores. 


1 

1 

MiUepora. , Aleyonarian 

" y, Lobophytuin 
= Lo. 

i 


Helioiwra i 
ca-rulca. 


1 
Stylophora ^ 

= Sty. 
Seriatopora . 

= Scr. 


1 

Qoniastrflea 

IWilloiK>n». Ca-loria. Astrffa. ^^^ria^x'rfM, 

= Pr. 




210-220 


179-185 


185 




182, 184 




1 
t 

1 




220-230 


186 






186 










230-240 


187-188 


187, 188 


187, 188 1 








240-280 


189-198 


1 1S9-19S ; Sty. 197 


189, 191-197 








280-2iK) 


No solid cores x 




X 








290-300 


n 


. 




X 










800-310 


)) 


X 


i 












310-320 


>> 


X X 




^ i 








320-330 


«? 




1 
X 




1 
X 








330-34^) 


)) 








X 










840-350 


)) 








X 


X 








350-360 


1) 








X 










860-370 


yy 


1 ^ 




> 










370-373 


n 


I 




X 








878-378 


199-206 


' i 




200, 203 ; 








878-410 


No solid cores 


A 




y 








410-420 


207-213 


207 
T.O. 212 


1 
i 


211,212 213 








420-433 


214-222 


Ser. 211, ' 














1 216-222 




1 








433-150 


No solidcores 


1 

t ' 


X 










450-457 


223-229 22 1 'f 225 ? Ser. 224 22(> ' 


223, 227, 22S 










457-i6S 


230-233 


1 














468-580 


234-236 


i 














480-407 


237-2 il 


1 
1 , 














497-505 


242-252 


1 














505-517 


253-25S 


253, 254, 25S 
















517-52! J 


259 267 


263, 267 

1 

1 




Ser. 267 


2o9-262, 
206, 267 










626-546 


268-289 




269 






269, 271-283 


270, 28-4-289 




Vr ? 274. 




546-555 


290-296 


294 








293? 






655-567 


No solid cores 


i 














667-578 


20(\a-296b 


1 






X 




296a 






678-598 


297-304 


304 
















598-012 


305-306 


1 

1 I 




305 




305 


1 


612-624 


No solid cores 


















624^37 


307-312 






Sty. 312 












637-613 


313-320 




314, 31G, 320 




w 


313 ! 






643-652 


321-335 


325 i 


! Sty. 325, 333 


321-323 1 


1 






; 


Ser. 334 


i 


• 


652-660 


336-343 


1 




340 






660-670 


3t4-347 


' 




345 ! 






670-691 


34S-356 


' Sty. 354 


■ 






691-698 


357-366 


1 , 


w 


i 359 : 






698-706 


1a-2a 


1 






1 
1 






706-716 


3a-8a 


1 

1 














716-736 


9a-16a 




1 








i 






736-748 


17a-31a 


1 3lA 






1 




1 






748-763 


' 32A-54A 

1 




1 

3Ga, 43a, 15a, 






33a, 39a, 












1 
1 




54a 




1 4lA, 43a. 












1 

1 










45a, 47a, 52a 


1 






763 771 


55a-73a 


' 


1 


Ser. 59a 


56a, 57 a, 


! 70a, 72a 


Gk). 59a ?, 






i 
i 


i 

1 




65A-67A 




1 


61A-63A 




771 781 


1 74A-96A 

1 


83a, 84a, 86a, i 




h3A, 84a, 
















94a 

1 
1 


1 




! 92a, 96a 








1 
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iQ the Cores of the Main Boring, Funafuti — continued. 



Ujdnophora 

/-I 1 r Astrfran 

OrbioeUa. i CyP^>'J^t'-a.'». ^ ^^^j ^^^^^ 

ri 1 * ' I uncertain. 



181 



201? 



839 



37A-40A 



90a 



Hy ? 318 



Cy. 337 



Cv 28 a. 
Ily. 34a, 35a 



Ox. 60a ? 
( 'v. GCa 



2(X)-202, 
205, 208 

207 



260, 270, 
285-2S9 



303 



Fuuj^ia 

= Fu. 

Cjcloseris 

= C8. 

Pnammocora 


Ilalomitra 
= FTal. 


= l'8a. 





Fii. 297-301 



332, 331 



3 to, 35 i 

3r.o 



10a 

23a, 2U 

4iA, 50A-53A 



Fu?3l0 



Fii. 33S 
Fu. 344 

Fu. 362 ? 303 



Cs. 9a 11\, 
13a, 16a 

Cs. 26a, 27a. 
29a, 31a 

C». 33a ? 
62 a 



56a, 58a, 67a! Cs 56a 

Fu. 60a, 65a 

92A-9U I Fu. 8lA,86Ai 



Hal. 2,3? 



Madrepora. 



Mon(i]X)ra 

= Mt. . . 

Turbinaria ; '^ 

= 1 ur. 



I 



> t 



200-203 
205, 206 

207-213 

217, 220-222 



224-229 



237, 238, 

240? 2U 

243, 245-252 

255-258 

259-262, 

265, 266 

26S, 269, 271, 

272, 275, 281- 

283 



Mt. 259.260 



21.6// 
30 1 



307, 308 
314-317 

323, 325-331, 
33;<, 335 

336, 338, 312 



2a 

4a 

Ua 



I Tur. 336,338 
.VIt.318, 3f.lP 



49a 



r)5A-59A, 62a- 
65a, 67a, (>Sa, 

70a, 71a 

82a, 85a 87 a, 

89a 92a, 95a, 

96a 



Tur. 50a- 
54a 

Tur. 55a, 

I 59a, 60a, ' 

, Tur. 68a 

Mt. 86a, 95a, 

Tur. 93a 



2 Y 2 



333 



4lA? 



Porites. 



197? 



X ? 



X? 



202 

X ? 



Corals not 

determined. 

Aporosa 

s= Ap. 

Perforata 

= Per. 



Ap. 180 
Per. 197 



Per. X 

Per. X 
Per. X 



Per. X 



Per. X 



Per. 240 

Per. 242 

264 



Per. 293 
Per. X 



313, 320 
324? 326- Per. 321, 322, 
I 3;U,334 
337, 338, 340 ? 



*j4: 



352 ? 



328, 332 

Per. 347 
Per. 356 
361, 3f."4 



38a ?- H)a, 

43a- 17a, 

51a 



Per. 28a 

I'or. 36a, 
42a, 45a, 49a 

55a, 64a, 
Per. 69a, 

72 a 
74a-79a, 
82a, 85*, 
88a, 89a, 

90a 
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Table showing the Distribution of Coral Genera 



Depth from 

surface m 

feet. 



Nos. of cores, 



Millepora. 

Stylaster 

= Sta. 



Alcyonarian 

Bpicules. 

Lobophytum 

= Lo. 



Heliopora 
cffirulca. 



Stylophora 

= Sty. 
Seriatopora 



= Ser. 



Pocilloporu. Ca*loria. 



A»trji"a. 



Goniastnea 
= Go. 

Priouastrsa 
= Pr. 



781-790 



790-798 



798^804 



97a-122a 



123A-144A 



145A-166A 



804-^10 157A-174A 



810-816 
816-822 



822-833 



83d-&44 



844-863 



175A-186A 
187A-197A 



198A-215A 



216A-234A 



235A-248A 



863-866 



86^-874 



874-^1 



881-690 



890-899 



899-910 



910-922 



187a 



232a 



102a, lOU, 
105a, 107 a, 
112a, 115a 



124 a, 133a, 

136a, 139a, 

140a 



165a, 168a, I 
173a, 174a , 



176a, 177a, 

183a, IS-tA 

187a 



922-936 



936-946 



249A-276A 




251a, 258a 1 

1 


277a-296a ; 




281A-283A, 

287a, 294a, 

295a 

Lo. 289a 


297A-310A 




Lo. 30lA 
307a, 309a 


311A-325A 


312a 


Lo. 312a 
312a 


826A-340A 




Lo. 329a, 330a, 
334a, 335 a, 
336a, 337a 


341A-353A 




342A-345A, 

352A-353A 

Lo. 345a, 350a 


364A-376A 




354A-357A, 

374A-376A 

Lo. 362a 


377A-404A 


1 

398a, 399a- 


388A-390A, 




404a 

i 


394A-397A 
Lo. 391a 


405A-421A 


405A-407A 


405 a, 406 a, 

418A-42UA 

1 



217a, 222a, 
224a, 226a, 

229a 
235a, 236a 



Ser. 126a 



Ser. 169-171A 



I 



103a 



104a, 108a- 121, 122a 
110a 



Sty. 207a ? 



Sty. 223a 



Ser. 31lA 



Ser. 408a 



133a, 138a- 
144a 

145a-156a 

157A-159A, 

16lA, 163a, 

168a, 169a- 

171a 



124a? 



130a 



162a 



188a 



202a 



241a 



237a 



294a, 2U5a 



269A-271A 



282A-286A, 
i 294a, 295a 



299A-301A, 300a, 302a, ' 300a? 301a, 

303a 304a 305a 303a, 307 A, 

308a ? 

316a, 3I7a, 312a, 316a, 311a, 312a, 

319a, 321a- 317a, 321a? 318a? 
323a 

327a, 32SA, 326a 327a ? 

838a, o39a 



348a 



342A-346A, 
352a 



363a- 369a 366a, 367a, 357a, 359a, 

373a 3(;8a, 369a 



383a, 396a, 
398A-404A 



Go. 112a, 
115a 



Go. 178a?- 
18dA? 



Go. 29 U, 
295a 



Go. 306a 



Go. 3191, 
322a, 323a 



Go. 346a 
Pr. 346a 



405A-412A I 407a, 413a- 

416a 



392A-395A, ' 
397a 



417a-420a 



Pr. 412a ?, 

417a 
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in the Cores of the Main Boriiig, Funafuti — continued. 







Hvdnophora 
" = Hy. 


Astrapaii 

coral, go 11 us 

uncertain. 


Fungia 
= Fu. 






Montipora 






Coralfl not 
determined. 


Orbicella. 

1 


Cypliastrwa 

= Cv. 

Galaxoa 


Cvclosoris 
Psiumuucoru 


Sitlcr.iHtrflpa. 


Madrepora. 


= Mt 

Turbinaria 

= Tur. 


A8traK)ix)ra. 


Poritea. 


Aporosa 

= Ap. 

Perforata 






= Gx. 




= Pea. 












= Per. 




1 

t 

1 

i 




103a, 105a 


97A-10OA, 
103a, 105a, 
106a, 108a, 
109a, 111a- 




1 

106A-108A 


98 a, 101a- 
103a 


Per. 99a- 

100a, 105a, 

119a 








118a, 120a ' 












123a? 




latA 


1 13()a-136a- 


Mt. 13lA- 




130A-133A 


126a-128a, 


1 
! 


1 




141a 


133a 






137a 
Per. 186a 




1 








145A-149A, 


Mt. 145a? , 




145a 










1 




155 a, 156a 


1 










1 


1 


158a, 159a, 


Fu. 174a 157a, I62.i- 


Mt. 16lA ?, 


163a 




Per. 158a, 




1 


. 


IGlA 


i 165a, 1()7a, 


163a ? 






159a, 174a 






1 






109a-171a, 


Tur. 165a 








1 










174 a 


1 








1 i 
1 


1 


ISfiA 


Cs. 186a ' ' 175a, 178a, 


Mt. 178a, 


181a 


175 ?, 183a, 








1 






184a, 1H6A 


182a 1 




186a 














■ 


188A-190A 




187a 




188a, 191a- 






















193a, 










1 










Per. 197a 












199a ?, 205a, 




213a 




198a, 206i, 












206a, 208a ?, 








209a 










1 

1 


210A-212A 








Per. 20lA, 
214a, 215a 


1 


218a P 




220a, 221 A, 




223a, 226a, 




226a? 




217A-222A, 


; 




22f>A, 232a ? 






231a, 232a 








226a, 233a, 






















234a 




238a? 




235a, 239a 






236*, 238a, 


Mt. U\K 






235a, 238a, 












239a 








240a 






















Per. 243a, 










1 










245a, 246a- 










1 

r 
1 










248a 










1 ' 




260a? 




Per. 249a, 


1 

1 

t 






1 
1 








261a, 268a- 
270a 








277a-281a 


Fu. 282a, 294a. 2y5A 






281a, 28-4A- 


Per. 292a- 










: 283a ? 








293 a, 296a 


295a 








310a 


Fu. 303a 


1 

30lA-30'tA, 


Tur. 307a 


304a, 309a 


299A-304A, 


297a, 298a 










: 309a, 310a 






307a 


Per. 306a, 
308A-310A 










Fu. 31Ga?, 311A-321A 






313a-317a, 


Per. 311a, 










1 317a? 






319a-321a 


324a, 325a 










Cs. 32lA ? 


' 326a, 328a, 




328a 


327a-329a, 


329a 










, 329a, 330a- 






331a, 335a- 








i 




; 


335a 






340a 








'■ Ox. 347a. 




1 
1 


3-45 A, 3-18 A- 


Mt. 34lA, 


3-t(>A ? 


an a, S45a- 


Per. 342a, 






353a 




1 

1 
t 1 


350a, 352a 


:W5a 




352a 


346a 




860a, 861a, 


Hy. 273a 




1 


1 

354a-357a, 


Mt. 354a- 




354A-361A, 


360a-363a, 




366a, 367a, 






1 


3»i2A-367A, 


357a, 359a, 




363A-369A, 


368a, 369a 




373a 








' 370A- 376 a 


362a 365a, 




371 A, 374a- 














} 




373a 376a 




376a 






377a-379a 


1 


390a, 391a, 


1 




377a 381 A, 


Mt 377a- 




377a-379a, 


Per. 3^2a, 










1 


' 391a, 391a- 


379a, 398a, 




382a, 384a- 


388a, 3e>9A 










1 
1 


, 396a, 398a, 


399a, 402a, 




387a, 392a- 












1 


i 399 1 


403.V 




395a, 397 y- 












! 

1 










399a 






408a 




405A-408A, 






407a-411a, 




418A-420A 


407a-411a, 










410a, 411a 


1 


1 413a^16a, 






413A-416A, 






► 






1 




418A-420A 






418A-421A 
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Table showing the Distribution of Coral Genera 



Depth from 

surface in 

feet. 



No8. of cores. 



Mill«']M)rji. 

St vlash'r 

- Stv. 



Alcvoiiarium 

» 

BpicillOri. 

Lub()])]ivtuni 
= l/u. 



946-957 



967-963 
963-973 

973-9S3 
983-991 

991-1006 



1006-1016 



1015-1025 



1026-1034 



1034-10441 



10441-1053 



1053-1006 



106C-1075 



1075-1087 



1087-1100 



1100-I114J 



422a^H2a 



4.43A-419A 

450A-1.70A 



•125a, '131a- 
433a, 438a 



H3a 



4()Sa 



47lA-19()A 
491A-507A 



r)05A-5()7A 



508a-527\ 508a 512a, 
524A-525A 



528A-542A 



528a, 535a 



643A-5n4A 5 k;a, 55r.A 



5G5A-583A, 



r>G0A-r>73A 



I 



58:U.,-5y4A 584a, 585a, 
593a, 594a 



695a-(K)7a 



608a-()27a 



62SA-643A 



G-l-lA-OeiA 



H(;2a-682a 



()83a-709a 



424a, 426a- 

433a 

r.o. 42r>A, 431a- 

133a, 43f)A, 

JllA 

•11 3a. 41(JA- 

4 ISA 
•153A-t55A, 
45SA 4fJSA, 

47()a 

L<». 4.)7a 

47lA-47tA, 

48()A-iS^lA 

4yiA-iy-iA, 

502A-504A 

50Sa-5H)a, 

51 Oa, 52()a, 

52;Ja, 524a- 

527a 

Lo. 5()8a, 523a 

52SA-538A 



5r)2A-5(J4A 



565a-575a, 

577a 

Lo. 571a 

584a, 590a, 

593a, 594a 



598a, 603a, 
004a 



()28a, eaiA, 
G36a 

C>Ua, (!49a, 
657a 



(i77A, r>78A, 
6y2A 



598a-(J0()a, 
603a, G06a 



G11A-620A 

Lo. 619a, 622a, 

623a 

628A-6't3A 



6UA-616A 



r)75A, 680a- 
(582 A 



r>99A-70lA, <)87a, 691a- 
703a, 70-iA G97a, 699a- 

707a 

Lo. 692a, 

(;9ja-697a, 

704a 



Stylophora 

IL'lufiKJra = Stv. „ -n 

i c! • i. * < 1 ociUoix)ra , 

ca"rul(':i feeriatoj)ora ^ 

= Ser. 



Cceloriu. 

Euphvlliu 

- Eu 



AstrsBa. 



Goniastrsea 

= Go. 
Prionastrwa 

= Pr. 



431A-435A, 
4M7a-442a 



428A-130A, 

434a, 435a, 

437a, 439a- 

441a 



427a-433a 



Ser. 467a 



443A-MtA, 
! -l-HU-ilOA 
450a -1^52a, 
454a-455a, 
467 a, 46SA 

4S1A-48+A 



Ser. 510a- 

518a, 524a- 

527a 

Sty. 62 1 A 

Stv. 536a, 
539A-542A 
Ser. 528a- 
533a, 535a, 
537a, 538a 
Stv. 543a- 
555a, 560a 

Stv. 579a- 
*582a 

Sty. 585a, 
5S6a, 588a, 
591a, 593a, 

594a 
Ser. 585a, 

587a 

Sty. 595a, 

596a, 599a- 

602a, 604a- 

607a 
Ser. 597a- 

601a 

Stv. 608a, 

616a, 622a- 

624a 

Ser. 623a 

Stv. 628a, 

636a, 640a 

Sty. 648a, 

650a-656a 

Ser. 6-i8A, 

649a, 653a, 

659a 

Stv. 678a- 

*6SlA 

Stv. 708a 



510a, 521a, 
523a 



533a, 535a, 
537A-512A 



450A-t52A, 
45(>A, 47()A 



47 1 A, 481a- 

484a 
495a, JOh'A 



518a, 520a 



'U6a-44Sa 
150A-452A 



Pr. 422a. 
423a, 430a- 
433a, 4d6A 

Go. 442a 



471a ?, 
476A-479A 



533A-535A 



543A-r)53A, ' 543A-546A 
500A-5G4A 



566A-582A 



583A2-586A, 
588A-59U 



509 A 572a, 
577A-582A 



513A-518A 



635a 



551A-558A, 
554a, 560a 

577a 



5H5A, 588a, 5S3Aj, 684a 
589a, 592a , 



595a, 596a, 

598a, 604a- 

607a 



608A-f»10A, 

622a, 623a, 

627a 

()28a, 630a- 
G38a 

G-Ma, (!51a, 
652a 



G76a-(;7Ha 



706a, 708a 



Eu. 641a 



G78a,6.S0a- 
G.S2A 

683a-690a, 

6i)3A, b97A, 

698A 



tOlA, 603a, 
606a 



656a, 656a 



671a, 672i 



683a ?-694a 



Pr. 523a 



Pr. 565a 



Go. 692a 
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in the Cores of the Main Boiini]^, Fnnafnti — continued. 







Hydnophora 


. 


Funjiia 










Corals not 




Orbicella. 


Cvpha9tra?a 


AstrHcari 
coral, i;cTni-i 


= Fu. 
Cy,.l.,s..ris ■ sidoni,t.r.-ca. 

= t H. 1 


Madrojwru. 


Montipora 

= Mt 
Turhiiiaria 


Astriroixra. 


Poritcs. 


determined. 
Aporosa 
= Ap. 
PerforatA 






Galaxea 


uiKvrtaiii. 


1 

Prtamniocora 




- Tur. 










= Gx. 




= P-a. 


422A-i2iA, 








= Per. 


\ 

1 

I 


Clx. 425a- 


43SA, lllA 


Fu. i 12a ? . 


Mt. 422a, 


42 1 A, 425 a 


422a, 423a, 




1 


427a 




1 
1 


426a, 430 a- 


423a, 426a 




425a, 426a, 












! 


4-41 A 






428a, 429a, 
434a, 435a. 




1 














437a-441a 




4^A0a 






Ku. 1.15a? 


4'43a, 445a, 


Mt. 413a, 




413a-449a 














4-49A 


445a H 














458a, Kwa, 


Fu. h;2v 


453a, 458a, 


Mt 450a- 




450a-461a, 










468a 


F»a. 470 A 


462a, 465a- 
468a, 470a 


452a 




465a-470a 






485a, 486a 




497a 


Fu. 474a 


471a^75a, 
481A-484A 
491a, 495a - 
501a, 505 a- 
507a 


Mt. 487a, 
4S8a 


472a, 473a, 
4S7a-490a 


471a-474a, 
4S0a-489a 


502a-^0'4a 






Cy. 523a ?- 


510a. 52(;a, 


Fu. 511 A 


508a-514\, 


Mt. 515a 


510A?-52lAr 


519a ?- 


511a, 526a 






525a ? 


527 a 


514 \, 523a 


518a, 523a- 
525a 






521a:'', 523a:'' 


Per. 523a 




537a-542a 


Cv. 533a 


53t;A -r>;vsA, 

54lA. 512a 




533a. 535a, 
512 a 


Mt. 5:?5a 


536a 


536a-542a 






651a-553a 




nr.GA, 557a- 

5rj9A, 5ri2A, 

5ii4A 


Fu. 557 A- 5 Ha, 555a 
559a 


547a-553a, 

557a-559a, 

560a 


Mt.556A, 
557a- 559a, 
5C>nA-564A 


547a 551a 


543a-559a 




568a,571a- 




5Gr>A-570A 




5()5a-575a. 


Mt. 565 A 


569a, 5: Oa, 


565a ?-570a 






678a, 583a, 








577a-578a 




573A-5: 5a 








684a, 587a, 




5'J3a,501a 




584a, 591a 






583Ao-585a, 


Per. 592a 


' 588a, 590a, 














594a 






592a 






1 














595a, 59Ha, 








595A-600A 






595a, 596a, 


Per. 606a 




607a 














601a, ()04a. 
605a 






609a-610a, 




(illA, 622a, 


IVa. 622 A, 


608a 


Mt. 611a- 




608a-61()a 


Per. 623a, 


623 A, 624 a , 




(;23a, (;27a 


6i'3a 

1 




617 X, 620a, 
62 > A 






627a 


628a 

1 




628a, 634a 




G28a?, 637a, 
638a ? 








Per. 630a- 
634a, 642a, 










1 










643a 




652a, 653a 




650a 


Cfl. 6Wa? 
Fu. 646a i 

■ 


644a 








Per. 644a 
64<Ja, 649a 
655a-659a 




666a, 667a, 




676a, 678a 


i 

Fu. 671a, ' 


665a, 676a, 






671a?, 672a 


Per. 668a, 




677a 






672a 


677a-679a 




• 


678A-682A 


675a, 676a i 
678a 




688a, 684a, 


Cy. (>95a, 


705a, 708a 


699A-702A 


68-iA, 689a, 


Tur. 693a, 




683a, 689a, 


Per. 685a, i 




689a 


G98A 






<>90a, 698a, 
706a, 708 a 


694a 




690a, 603a :'', 
706a 


689a, 693a. 
696a, 707a. 




















709a 
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Table showing the Distribution of Coral Genera 



Depth from 

STirfaoe in 

feet. 


Numbers of 
cores. 


Milleponi. 

Stvlastcr 

= Sta. 


Alcyonarian 

spicules. 

Lobopbytum 

= Lo. 


Heliopora 
cfurulea. 


Stvl()i)bora 
= Sty. 

Seriatopora 
= Ser. 


Pocillopora. 


Cccloria. 


As.tr»a. 


GoDiAstroti 
« Go. 

Prionastrcs 
= Pr. 




0- 30 
30- 60 

50- 80 
80- 85 

85-105 


0. 1-C. 5, 
C. 6-C. 15 

C. 16-0. 22 
C. 23-C. 28 

C. 29-C. 36 


C. 25 


X 


C. 1-C. 5 
C. 7, C. 10, 
C. 12 C. 15 
C. 16-C. 22 1 

('. 29, C. 30 


Sty. C. 16 
Sty. C. 29 


C. 24 




C. 17PC.19? 
C.28 







0-12 
12-20 


D. 1-D. 4 




20-30 


D. 5-D. 10 




30-40 
40-60 


I). 11-D. 17 I). lo-D. 17 
D. 18-D. 35 


50 60 


D. 36-D. 57 


D. 40, D. 41 


60-72 


D. 58-D. 74 





D. 28 



Tablk showing the Distribution of Coral Genera 



D. 60, D 68, 



Table showing the Distribution of Coral Genera in the 



Depth from 

floor of 
lagoon in 


Number of 
samples. 


Millcpora. 

Stylaster 

= Sta. 


Alcyonarian 

spicules. 
Lobophvtum 


Heliopora 
ca?rulea. 


Stylophora 

= Sty. 
Seriatopora 


Pocillopora. 


Cceloria. 


Astrfipa. 


Gomastrcs 

= Go. 
Prionastrcs 




feet. 




= Lo. 




= Ser. 






= Pr. 

1 

i 




21i 


L. 2 




















35i 


L. 3 








Ser. X 












50 


L. 4 








Ser. X 












62 


L 5 




X 


X 


Ser. X 












75 


L. 6 




















8U - 82 


L 7, L. 16 




X 


X 


Ser. X 


y 










94i 


L. 8 






X 


Ser. X 


X 










103^-105 


L. 9, L. 15 


« 






Ser. X 




X 








1061 


L. 11, L. 12 








Ser. X 












112i 


L. 10. 








Ser. X 












116 -144 


L. 13-L. 14k 


i 


Lo. X 


X 




X 
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in the Cores of the First Boring ((J), Funafuti. 







Hvdno])]iora 




Fungia 


I 
1 






Corals not 






' = Hv. 


Afltnian 


= Fu. , 




Montiponi 
= Mt. 

Turbinaria 
= Tur. 


Astrajopora. 
Goniopora Porit<»8. 
= Gnp. 


det-ermined. 




Orbicella. 


ft 

Cvphastrttu 
* = Cy. 
Oalaxea 


coral, 

genus 

uncertain. 


r, Siderastrapa. 
Psaniniocora 


Madrojwra. 


Aporosa 

= Ap. 

Perforata 






= Gi. 




= Psa. 






1 


= Per. 




C. 1. 






1 

! 

i 










C. 10. 


. 




Psa. C. 12, 






Mt.C. 15 


1 


C. 6, C. 9, 










C. 13 


. 






C. 11. 










Fu. C. 22 








Per. C. 22. 




C. 28 




C. 23 




• 


Mt. C. 23, 

; C. 28 




Per. C.26, 
C. 27. 




C. 31, C. 32, 










C. 29 


1 Mt. C. 29. 








C. 34, C. 35, 






1 


C. 31, C. 32, 


1 






C. 86 








C. 35. 


1 





in the CWes of the Second Boring (D), Funafuti. 





1 

D. 2 ? ! 


i I). 1-D. 4 


Mt. D. 2, 














1). 3 ' 






I). 7, D. 8 




D. 5-P. 8, 


Mt. D. 8. ; 


D.9 






DIO 




1 

1 










' D. 11-D. 17 










I). 18? 


1 
1 




D. 20-D. 26, 


Mt. D. 32, 




D. 19. D. 26 


D. 34 










1). 28-D. 33, 


J). 35. 


D. 27 












D. 35. 




1 






1 




D. 36, D. 37, 


Mt. D. 51, iD. 36, D. 38, 












D. 39-D. 50, 


D. 52, D. 56, 


D. 39 














D. 53-D. 55 


D. 67 








D.60PD.74? 


1 




D. 58, D. 59, 
D. 61-D. G4, 


Mt. D. 68, 
D. 59, D. 65, 
















D. 66-D. 74 


D. 70 


1 





Boring below the Floor of the Lagoon (L), Funafuti. 



Orbicella. 



Hydnophoni 
*= Hv. 

Cvphastrfea 
' = Cv. 
Galaxou 
= Gx. 



ABtraau 
coral, 
genus 

uncertain. 



Fungia 
= Fu. 



t'ycloseriH , j^jaerastrffa. 
I = C-fii. i 



Cy. X 



X 

X 



Psammoconi 
= Psa. 



Fu. X 



Fu. X 



Madrcjwra. 



X 

> 

X 
X 
X 



Montiponi. 

= Mt. 
Turbinaria 

= Tnr. 



Astra?o[X)ni. 

Goniopora 

= Gnp. 



Porites. 





X 


Mt. X 




Mt. X 


Onp. X 


Mt. X 


Gnp. X 



Corals not 

determined. 

Aporosu 

= Ap. 

Perforata 

= Per. 



2 Z 
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Table of the Distribution of Various Organisms, and of the 



Depth from 
surface in 

feet. 

1 


1 

Nos. of corof*. 

1 

1 


I 

Calcisponge 
spioules = Cal. 
Cliona borings. 

1 


Cidaris = Cid. 
Echinid spines and 

plates, 
llolotliurian plates : 
« Hoi. 


Serpnla. 
Spirorbis = Sp. 


1 
1 

Ostracoda. 

(Bairdia = Bd.) 

Fragments of 

Crabs = Cra ' 

1 

i 


Polyzoa. 


i 

Brachiopodo, 
Thecidea. 




0- 10 


1 

1- 11 


1 

4 


1 

1, 5, 7, 8 
Hoi. 5 


3, 7, 8 
Sp. 4, 7, 8-11 


1 


■ 






10- 20 


12- 18 




15, 17, 18 


12, 15, 17, 18 


1 








20- 30 


19- 33 


Cal. 21, 22 


20-26, 33 


21,22 


i 






30- 40 


at- 55 


37 


34, 36-48, 55 
Cid. 55 


35, 37, 38, 54 


' 


i 
1 






40- 50 

1 


5(j- 50 




56 
Cid. 56 


56 
Sp. 56, 58, 59 


1 


1 






60- 60 


60- 67 






Sp. 61, 55 


1 

1 


65 






60- 70 


68- 84 


70-73, 82. 
Cal. 74 


74,84 
Cid. 74 


68,69 
Sp. 70-73, 82 


Bd. 74 
Cra. 74 ; 


69,74 


74 




70- 80 


85- 93 ' 

1 


Cal. 90 


90 




Cra. 90 

j 








80- 90 ! 


94-100 ' 


95 


1 


97,98 


1 








90-100 


101-108 




102, 108 1 




i 
1 








100-110 


10.9-115 




101) 


Sp. 110 










110-120 


116 120 


119 


1 


119 


1 


118 






120-130 

1 


121-121) 




121, 123, 125, 128, 
129 


121, 128 




1 

1 
1 






130-140 1 


130-134 




134 






134 






140-160 


135-137 










1 


i 


150-160 


138-141 










1 






160-170 


142-143 




143 


142 


143 


142, 143 






170-180 


14t-15() 




144, 147 






1 






180-190 


151-158 




157, 158 












190-200 


159-175 




159, 1G6, 167-169 




1 








200-210 


176-178 






. 


i 






210-220 


179-186 




179, 180, 183 


180,183 


Cra. 180 




1 


220-230 


186 




186 




1 








230-240 


187-188 




187 












240-280 


189-198 




189-101, 193-197 

1 




• 


189 
193-197 






280-290 


No solid cores 




1 

X 












290-300 


»» 




X 












300-310 


)» 










X 


» 


310-320 


»• 




X 




Bd. X 






820-830 


i« 














330-340 


1 ' 




X 






X 




340-350 


»i 




X 










360-360 


>• 




X 










360-370 


• • 








Bd. X 
Cra. X 




1 


370-373 


M 










X 


1 


373-378 


199-206 


205 


204 










378-410 


■ No solid (joros 




X 






X 


■ 


410-420 


1 207-213 














420-433 


214 222 




214 








1 

1 : 


433-460 


No solid corPR 




1 ^ 








j- 


460-467 


223-229 


224, 225, 227, 228 


226, 229 






223 


r 


467-468 


230-233 




1 










468-480 


234-23() 


234 


* 23rj 








1 


480-497 


237-241 




239-241 








1 


497-605 


242-252 




1 243, 245-252 












505-517 


253-25S 




j 258 


258 




256 


\' 




517 526 


259-267 

1 


261, 266, 267 


263 


■ 










526-546 


268-289 




269 


272 


1 








546-555 


290-296 


i 


294 




1 








555-567 


No solid cores 




1 
1 












567-578 


296/i-296/> 




296^, 2961 












578-598 


297-304 




1 




t 


304 


1 




(f98-(>12 


! 305-306 




305, 306 




] 








612-621 


No solid cores 






1 


1 




1 ! 
1 1 


624-637 


307-312 


307, 308 


307, 30S, 309, 311, 






1 


' 1 

1 




, 




312 






1 


1 


t 
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Calcareous Algsd in the Cores of the Main Boring, Funafuti. 



Lamellibrauclifl. 

Lithodomus 

= Lit. 



69 



Lit. 117 



263 



Gasitroixxlu. 



2,7,8,9-11 
17,18 



74,84 
00 



118 
124, 128, 120 

132 



200-202,206 



214 

226-228 
232 

240 



267 

272, 276, 281, 283 

296 

302 

811, 312 



AscidiunH. 
Iy<^ptoclinum 

Ht<»llttt<' 

spicules. 



1,4,5 



21,22,24, 
2(J-32 
39-17 



62, fU 
(W. 74 

85-87, 80, 
91,92 

105 
110. 114 



132 



141 



197 



204,205 



Bones of fisli. 



Coprolitic 
pellets. 



Corallina. 



17,18 
23, 32 



74,84 
90 



71,81 



134 



Hulimeda. 



27-31 

38 



74 



KM) 
102-104 

118 



141 

143 

IM, 11 5 

167- 169 
178 



192 



X 

y 

X 



215,216 
229 

210 

2fi3 



296a 
305 



Litbothamnion. 



1-11 

12-18 
19-24, 26-33 

ai-51, 63-54 



62 
68,70-81,83 

85 87, 89, 91, 92 

95, 97, 98, 100 

110, 114 

121, 122, 12S 

132 



144, 145 



180, 182, 185 
18(; 



199-202, 204, 206 

X 

207,212 
215, 217, 219 

227-229 

236 

239-241 

243, 245-252 

253, 254, 258 

259-261,263, 2fi4, I 

266, 267 

269-274, 277-280, 

284-289 

290-294, 296 



2 z 2 
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Table of the Distribution of Various Organisms, and of the 



Depth from 

surface in 

feet. 


X<w. of euros. 


Calciflpongo 
si)i('iilo8 = Ciil. 
Cliuna borings. 


i 

Cidnri« = Cid. 
EcluQid spines and 

plates, 
llolothurian plates 

= Hoi. i 


OstraciMla 
Sorpula. (Bttirdia = lid.) 
Spirorbis = JSp. Kmjinnents of 

Crabs = Cra. 

• 
1 


1' 


637-643 
643-652 


313-320 
321-335 


313,316 
326, 329 


314-316, 318-320 
321, 322, 324-335 


320 1 


652-660 


336-343 




336, 338, 340, 342 




(^iO-670 
670-691 


344-347 
348-356 




346 
319, 351, 352, 354 


354 


691-698 


357-366 




357, 361 


1 


698-706 
706-716 
716-736 
736-748 
748-763 

763-771 
771-781 


lA- 2a 

3a- 8a 

9a- 16a 

17a- 31a 

32a- 54a 

55a- 73 V 
74a- 9f;A 


39a, 45 a 

(Ha 

H8a 


lA, 2a 

8a 

Ua, 15a 

25a 

47a, 49a, 51a, 54a 

59a, (>3a 
75 a, 76a 


4a i 

37a, 42a, 44a 46a, 32a 

49a 

1 

83a, 92a 


781-790 

1 


97a -I 22 a 




112a 115a, 120a 


97a, 98a, 101a 

1 


790-798 


123A-144A 


133a. 136a 


124a, 131a, 133a, 
136a, 137a 


126A-128A, 13lA, 

132a 

1 


798-80-4 


145A-156A 


145a, 146a. 148a 








804-810 
810-815 


157a-174\ 
175A-186A 


178a 


1(31 A, 165a, 168a, 

174a 

183a, 184a 


105a i 


815 822 
822-833 
833-844 


187a-197a 
198A-215A 
216A-23-4A 




187a, 189a, 190a, 
192A-197A 

199A-204A, 206a- 
208a, 213a 
216A-230A 


188a • 

1 

1 


844-853 


235A-248A 




2^40 A, 2'42a-248a 


1 


853-866 


2^49a-276a 




249a-276a 






8G6-874 


277a-296a 




279A-282A, 292a 


284A-286A 


874-881 


297a-310a 


303a 


297a-299a, 307a, 
309a, 310a 


1 


881-890 


311A-325A 


311a, 316a, 317a 


320a, 321a 


311a, 313a 


890-899 
899-910 
910-922 

922-936 


326A-340A 
341A-353A 
354a 376.A 

377a-404a 


326a 
348a-350a 

366a 367a, 372a, 
374a-376a 

397a, 402a, 403a 


328a, 336a, 337a 

352a 
363a, 364a, 368a, 

371A-376A 
398a, 399a-403a 


345a 

354A-357A, 363a, 

364a 

377a, 379a 






936-945 


405a-421a 


407a 


4O5a-407a 


408a 




945-957 

957-963 
9«13-973 

9/3-983 

983-991 
991-lOOlJ 


122a^42a 

450A-47OA 

! 

171A-490A 

401 A 507 a 
508a-527a 


43(>A 

458a- kJl A 
474a, 475a 


' 424a, 428a, 429a, 
431A-433A, 436a- 

438a 
44.3 A, 445A-448A 
456a^61a, 465a, 

467a, 470a 
471a, 470a-479a, 
481A-488A 
491a-507a 
508a-521a 


425a 

443a 
463a, .458A-461A 


1 





Polvzoa. 



Brachio|K>da. 
Thecidea. 



340 



349 



56a 



326a 
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3-10 



31« 
335 

33<i 



2a 



26x-27a 
39a, 47a 

66a, 67a. 68a 
81a. 01a 

97a, 98a 



LlA 

12a 

«1\ 
OrtA 

yiiA, KMU, 112a 



124a, 133a-135a 



14oA, 146a 
160a 



188a 



lfK)A, 161a, 165 a, 
174 a 



1S7a, 180 a 



199a, 211a, 212a IDDa. 202a, 2L1a 

212a 
2d2A 22UA-222A. 224a 



241a 



2^1lA 



31i)A 



346a, 347a, 350a 
857a 

898a, 390a 



424a, 437a 



! 446A-448A 
! 450A-452A, 468A 
I 464A 



472A-475A 



611a, 612a 



206a 

207a, 301a, 307a, 
308a, 310a 

311a, 312a, 314a, 
315a, 318a, 32Ia 

327a-335a 

345a 

354a, 350a, 362a, 

366A-370A 
304a, 306a, lOlA 

410a, 4n a, 413a, 
414a, 4L8a 420a 
42-lA, 425a, 431a- 
433a, 437 a, 430 a 

4'1>3a, 4^a-J48a 
4f>2A, 468a, 470a 

480a 

407a 
623a 



Ascidinus. 

lA'^tocHiuiiii 

8U*]late 

i>])iculott. 



Bono* of Mi. j^„^,_ 



Curalliiiu. 



10 U 



163a 
183a 



258a 



320a 
352a 



308 a, 300 a 



488a 



ifalimeda. 



Lithothaxnnion. 



316-320 


320 


325,328,331, 


325, 327, 332 


333-335 




336, 338, 


338 


310-343 




345 


345 


318, :U9 


34S, 350, 852, 354l 




355 


357-350, 


361-364 


361-:j66 




lA, 2a 


1 


4A-8A 


1 


12A-16A 


10a, 12a 


17a-25a 


21A-24A, 3lA 


36a, 40a, 46a 


4lA, 42a, 45a-49a 

1 


50 a, 71a 


1 

70a 


H^Ja, 60a, OOa, 


85a, 86a, 89a, 02a, 


02»,06a 


OU, 05a 


lolA, 105a- 


n»lA, 104 a, 105 a. 


107a, 1 12a- 


108A-120A 


115a, 120a 




123a, 133a, 


131A-142A 


135a, 130a, 


1 


140a 


1 
1 


140 A 


145a, 146a, 140a- 




154a 


157a, 16lA 


158A-171A 


178a, 183a, 


175a. 178a, 181a 


184a 




213a 


'Ada, 208a 

1 


224a > 


217a. 224A-227A, 




220a, 231a- 234a ' 


235a, 242a- 


235 a, 238a-240a 


248a 


1 




261 A, 268a, 272a- 




276a 


284A-286A, 


287a, 202a- 295a 


204a, 205a 






207a, 300a, 303a, 




30IA, :306a, d07A, 




d09A 




3llA -313a, 316a- 




325a 




326A-d40 V 




341A-353A 




354a -367a, 360a- 




376a ; 


388a, 3t5yA 


3.SOa-807a, 400a- 




404a 




4O5a-407a, 410A - 




412a, 418a-420a 




422a^442a 




448a -448a 




450A-461A, 467a- 




470a 1 


1 


471A-488A 

1 




491A-607A 




606A--627A 
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Depth from 

surface in 

foet. 



1006-1016 

1015-1025 

1025-1034 

1034-1044^ 

10441-1058 

1053-106<J 

1066-1075 
1075-1087 

1087-1100 

1100-1114^ 



Nos. of rorrs. 



528A-542A 

543A-5G4A 

565 A 583a, 

583a.,-594a 

50r)A-607A 

608a-627a 

628A-643A 
G44A-661A 

662A-682A 

6.S3A-709A 



Cal(n8pongo 
spiiMilos = Cal. 
Clioim borings. 



535a 



56Sa, 573a -575a 

589a, 593a, 594a 

595a. 60-1-a, (W5a 

<>24a, 625a 

64-tA, 650a G52a 

680a 682a 

683a. 696a. 699 \, 

703a-7()6a, 7()8a 

Cal. 703a 



Cidaris = Cid. 
Kehiiiid 8pinc8 and ; 

])late8. 
ilolothiiriau plates 

= Hol. 



Serpultt. 
Spirorbis = Sp. 



Ostracoda. 

'(Baii-dia = Bd.) 

Fragments of 

Crabs = Cra. 



Polvzoa. 



Bnichiopodii. 
Xhecidea. 



528A-534A, 537a, 534a, 541a, 542a 

542a 
543A-553A, 557a- 

559a 
566a. 571a 578a, 

583a, 
583a.,-585a, 589a- 
' 594a 
595a-6()7a 



608A-620A i 

628a, 637a-<)43a ' 
646a 649a, 655a, 

659a 
662a 678a, 680a. 

681a 

683a. 688a~692a, 

H95A-698A 



595a, 601 a 
62lA, 625a 



690a, 702a 
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LamellibraneliH. 
Lithodonius 
= Lit ' 


1 

1 
Gastropoda. 


Afloidiaiiii. 

iH'ptoclinum! 

Stellate 


Bones of fish. 


Coprolitic 

[X)llet9. ! 


Corallina. 


Haliineda. 


Lithothamnion. ' 




540a, 542a 


536a 


spicules'. 


, 




i 




1 

537a, 642a 


528A-542A 

1 




644a, 555a, 657a 


544a, 554a, 555a, 


562a 


; 553a 


543A-664A 




561a 


557a-564a 






1 




666a, 666a, 569a 


565a, 566a, 570a, 
571a 576a 


! 


576a, 583Ai 


565a, 669a-683ai 

! 




58dA.-58SA 


584a, 585a, 590 a 


i 


592A-594A 


583A2-^94a 




695a, 598a-600a 


! 595a, 598A-600A, 
604A-606A 


1 




595a, 597a, 
603a 


596a-607a ; 

1 




622a, 623a 


608A-617A, 622a- 


621a ' 


1 


i 608A-620A, 623a- 






626a 


1 






1 626a 




635a 




1 ! 




, 628a, 6dOA-643A 




669a 


646a 


1 i 


646a 


644a, 646a, 649a- 








1 1 

1 


659a 




668a-670a, 673a, 


676a, 678a 


677a, 682a : i 675a, 677a, 


662A-668A, 676a, 




680a 






j 678a? 


678A-682A 1 




688a, ei89A, 693a, 


683a, 686a, 688a, 


699a 


1 ! ; 


683A-688A, 691a, 




701A-704A, 708a 


692a, 696a, 699a, 




1 

1 


695A-698A, 70lA, 






703A-708A 










703A-705A, 707a- 






1 
1 












709a 
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• 




Ostraooda. 






Depth from 




CaleiflpoDge 


Cidaris = Cid. 


3erpula. 
Spirorbis = Sp. 


(Bairdia.) 






surface in 
feet. 


Nos. of cores. 


spicules = Cttl. 
Cliona borings. 


Kchinid spines 
and plates. 


Claws of 
crabs 


Polrroa. 














= Cr. 






0-30 


C. 1-C. 5i 




C. 1, C. 2, C. 4, 
C. 5, 


C. 1-C. 4, C. 5, 




C. 1 




30- 50 


C. 6-C. 15 

1 


Cal. C. 7, C. 9, 

C. 12, 16 

0.7 


C. 6, C. 8, C. 10- 
C. 12 

• 










50- 80 


C. 16-C. 22 


C. 18 


Cid. C. 16 
C. 16, C. 19, C. 20 


C. 16, C. 20 
Sp. 0. 17 








80- 85 


C. 23-C. 28 


C. 2-*, C. 27 

1 


C. 27 


C. 23, C. 26, C. 27, 

C. 28 

Sp. C. 23, C. 24. 

C. 25, C. 28 








85-105 


: C. 29-C. 36 


C. 31 


X 


C. 29, X 




C. 29 








1 




Sp. C. 33, C. 86, X 




C. 36 
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-12 






! 




12-20 


D. 1-D. 4 


D. 4 


D. 2-D. 4 D. 2, D. 3 




D. 2 


20-30 


D. 5-D. 10 


D. 5, D. 6 












30-40 


T). 11-D. 17 


D. 11, D. 16 


D. 17 


I). 15, D. 17 










Cal. X 


; Sp. D. 16, D. 17 




40-50 


D. 18-D. 35 


D. 19, D. 21- 


D. 23 X 


I). 18-D. 21 


Cr. X 










I). 23, D. 28 




Sp. 1). 25, D. 28, X ' 










I). 29, D. 32, D. 34, 
















D. 35 








50-60 


D. 36-D. 57 


D. 46, D. 46- 
D. 60, D. 53, 


D. 57 


Sj). D. 36, D. 37, 
D. 39, D. 45 












D. 54, D. 56 










<X)-70 


D. 58-D. 74 


D. 68, D. 59, 
D. 66-D. 67, 


D. 00, D. 65, D. 67 

X 


D. 59, D. 70 
Sp. D. 59, D. 60, 


X 










D. 71, D. 72 


D. 66, D. 67, D. 68. 












Cal. X 




D.70 


1 


1 



Table of the Distribution of Various Organisms and of the Calcareous 













Ostracoda. 


1 

1 




)eptli from 
or of lagoon 
in feet. 


Nos. of 
.HunipU's. 


Calcisponge 
spicules = Cal. 
Cliona borings. 


Cidaris = Cid. 

Echinid spines 

and plates. 


Scrimla. 
SpirorbiH = Sp. 


(Bairdia.) 

Claws of 

Crustacea 

= Cra. 


Polvzoa. 


i 

i 

i 


21 i 


L. 2 




X 


X 


X 


X 


t 


36i 


L. 3 




X 


Sp. X 

X 




X 


! 


50 


L. 4 


Cal. X 


X 


X 


X 


X 


1 


62 


L. 6 


Cal. X 


X 


X 


X 

Cr. X 


X 




76 


L. 6 




X 






X 


' 


81i, 82 


L. 7, L. 16 


X 


X 


X 






1 


94i 


L. 8 




• 

X 


Sp. X 




X 




103 J -105 


L. 9, L. 16 






X 








106i 


L. 11, L. 12 




X 










112^ 


L. 10 




X 


X 








116 -144 


L. 18-L. 14b 


X 


X 


X 




X 












Sp. X 
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Brachio- 

podu. I 
Thecidea. 



Lunielli- 
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Gastropoda. 



Artcidians. 

leptocliuuiii. 

elMlat^i 

spicules. 



Coprolitic 
pellet*. 



Coralliiiu. 



Halimeda. i Lithothamnion. 



C. 28 



C. 1-Cl, C. 5, 


C. 4, C. 5i . 


C. 10 

C. 1(>. C. 19. 
C. 20 


C. 6, C. 7, ! 
C. 9, C. 10, 1 

C. 12 
C. 19, 0. 22 



C. 4 



C. 2^A 



C. 29, C. 36 X 



C. I, C. 2 
C. 11-C. 13 



C. ir., C. 19, 
C. 20, C. 22 



C. 1-C. 5, 

C. 6, C. / , 

C. 9-C. 12, 

C. 13, C. 15 

C. 16, C. 18- 

C. 22 
C. 24, C. 26 



C. 29, C. 31, 
C. 34-C. 36 X 



Calcareous Algae in the Cores of the Second Boring (D), Funafuti 



D. 17 



D. 72 



D. 2 

D.5,D.6,D.9 

D. 15 

D. 22, 25, 
I). 28, 



D. 39 



D. 61, D. 65, 
D. 67, D. 72 



D. 1 


-1). 


4 




D 


.9 




D. 


15, 


D. 


17 


J). 


18, 


D. 


21, 


T). 


22, 


D. 


28- 


n. 


29, 


D. 


31, 


.32,D.34,D.85 


D. 


36, 


D. 


45, 


D. 
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D. 


5G, 




D. 


57 




D. 


58, 


D. 


59, 


D. 


62- 


-D. 


67, 


D. 


69, 


D. 


70, 


D. 


72, 


D. 


74 
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pellets. 

1 
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1 
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1 


X 


X 
X 
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X 
X 




X 


X 
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X 
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THE CHEMICAL EXAMINATION OF THE MATERIALS FROM 
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1. Method of Analysis. 

On the arrival in 1897 of the first portions of the core from the Main Boring at 
Funafuti, which had then been carried down to the depth of 698 feet, I found in the 
lower portions of the materials brought up unmistakable evidence of an extensive 
replacement of calcium carbonate by magnesium carbonate. The interest attaching 
to the chemical changes which undoubtedly go on in coral-reef rocks, as was long 
ago shown by Dana — an interest which had been revived by the results obtained by 
Sir John Murray at Christmas Island — suggested the great importance of a thorough 
chemical examination of the whole of the specimens which were being obtained at 
Funafuti. 

A series of samples, thirty in number, taken at short intervals from this portion 
of the bore-hole, were, therefore, entrusted to Dr. C. G. Cullis for analysis by 
ordinary gravimetric methods. 

The phosphoric acid was precipitated as ammonium phospho-molybdate, tliQ 
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calcium as oxalate, and the magnesium as pyrophosphate. In the earlier analyses, 
the calcium oxalate was converted by ignition into oxide, and weighed in that state, 
but in the later part of the work it was found more convenient to convert it into 
sulphate before weighing. 

On the arrival in the following year of the remaining 416 feet of core, this work 
of chemical examination was continued by the analysis of twenty more samples, 
taken at intervals, ten of these being executed by Dr. C. G. Culms and ten by 
Dr. E. W. Skeats. In making these analyses, my assistants were greatly aided 
by the advice given to them by Dr. W. A. Tilden and the members of the Chemical 
Staff of the Royal College of Science. 

As the interesting and sometimes rapid changes in the proportions of calcium and 
magnesium in the cores came to be recognised by means of these analyses, the 
desirability of a more expeditious method of determining the relative amounts in which 
the two bases were present l)ecame apparent. After consultation with Dr. Tildkn 
and the members of the Chemical Board of the Government Grant Committee 
of the Royal Society, it was determined to adopt the volumetric method for the 
estimation of the calcium, by titration with potassium permanganate. The amount 
of phosphates and other materials in all parts of the core had already been shown to 
be exceedingly minute, and consecjuently the magnesium could be safely estimated 
by difference. Funds for the purpose having been supplied by the Government 
Grant Conunittee of the Royal Society, the work was entrusted to Mr. J. Hart- 
Smith, and was carried on in the laboratories of the Chemical Division of the Royal 
College of Science under the supervision of Dr. Tilden. The accuracy of these 
volumetric analyses was tested from time to time by the ordinary gravimetric 
methods. 

Sixty-three volumetric analyses of the materials from the Main Boring, with 
nineteen analyses of samples from the two earlier borings of Professor Sollas (some 
of these analyses being in duplicate), were made l>y Mr. J. Hart-Smith. 

At a later date, Dr. E. W. Skeats made in the Geological Research Laboratory 
twenty more volumetric analyses, by the same method, of samples taken from the 
Main Boring, and of fifty-three of samples taken from Professor Sollas' borings. It 
will thus be seen that the conclusions in the following pages are based on 133 
analyses of samples from the Main Boring — fifty of these analyses being gravimetric 
and eighty-three volumetric — and seventy-two analyses of samples from Professor 
Sollas' two borings, nearly all of which were volumetric. 

2. General Results of Analyses of the Cores. 

The general results arrived at by these analyses, so far as they relate to the Main 
Boring, are represented gi^aphically in fig. 23, A, B, c, d, from which it will be seen that 
samples were taken generally at intervals of 10 feet, but where rapid changes were 
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found to be going on in the relative proportions of the two carbonates, intermediate 
samples were selected, and the results of their analyses interpolated. 

The chief conclusions arrived at from the analysis of samples taken from the Main 
Boring are as follows : — In the first 50 feet of descent there is a gradual rise in the 
percentage of magnesium carbonate up to 16 per cent., this maximum occurring at 
depths of 15 and 25 feet, with a falling off between those depths to 12 per cent. 
Although the exact depths of all the samples from Professor Sollas' two borings is 
not given, yet there is a similar rise in the proportion of magnesium carbonate, 
indicated between the same limits of depths in both of these borings. As the second 
of Professor Sollas' borings is situated at a distance of more than a mile-and-a-quarter 
from the Main Boring, it is evident that this rise of the magnesium carbonate 
percentage in going downwards is not a mere local phenomenon, but occurs over a 
considerable area in the atoll. 

From the depth of 25 feet in the Main Boring there is a gradual decline in the 
proportion of the magnesium carbonate present, till 50 feet is reached, when only the 
normal 1 to 5 per cent, of magnesium carbonate is present. This state of things 
prevails to the depth of 637 feet, when a rapid rise in the magnesium carbonate 
percentage again commences, and is continued till a depth of 658 feet is reached, when 
the proportion of magnesium to calcium carbonate has attained the limit of 40 to 
60. This high percentage of 40 of magnesium carbonate is maintained with small 
variations, and two important interruptions, to be more closely particularised, quite to 
the bottom of the l)oring at 1114^ feet. 

Between 819 and 875 feet the proportion of magnesium carbonate declines, showing 
great variations, but reaches a minimum of 4*8 at 826 feet, and a second one of 20*6 
at 866 feet, with a maximum between them of 28*5 at 855 feet. Again, between 1050 
and 1097 feet there occurs the second but less marked fulling off in the percentage 
of the magnesimn carbonate. We have here minima of 26*63 at 1061 feet and 30*7 
at 1080 feet, with a maximum between them of 39*4 at 1070 feet. 

It is specially noteworthy that while the proportion of magnesium carbonate rises 
\ so high as to approximate to the quantity necessary to make the double carbonate, 
dolomite, it never quite reaches that limit. The proportion of magnesium carbonate 
in dolomite is 45*65 per cent., while the sample in which the highest percentage 
of that substance was detected, at 950 feet deep, contained 43 per cent. As a rule, 
however, the percentage of magnesium carbonate in this lower part of the bore-hole is 
about 40, thus falling short by nearly 6 per cent, of the quantity required to form a 
complete dolomite. 

3. Preparation of Samples for Analysis. 

All the cores brought from Funafuti, having been immersed in sea-water, were 
found to retain small quantities of chlorides, sulphates, and other soluble salts. The 
rock of the reef, so far as it was penetrated, was more or less cavernous and pervious 
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in character ; its lower portions would have their cavities permanently filled with sea- 
water, while, in the upper part of the reef, the sea- water flows to and fro with the 
rise and fall of the tide. During the boring operations, sea-water was constantly 
conducted down the bore-hole in order to carry away the fine particles produced by 
the grinding of the diamond-crown. The cores thus saturated with sea-water would, 
of course, retain some of the soluble salts on being brought to the surface and dried. 

It is evident, however, that no useful purpose would be served by determining the 
exact amount of these soluble salts which were retained by different specimens. 
Various accidents, such as the draining away of water from them, the exposure to rain 
or similar conditions, would deprive the exact proportion in which these soluble salts 
were present of all significance. It was determined therefore to neglect altogether 
these soluble constituents, and at the outset all the samples were thoroughly w^ashed 
with distilled water before being submitted to analysis. 

The Funafuti cores, as brought home, all exhibited a more or less pronounced 
brownish-yellow tint on their exposed surfaces. On being cut open, however, the 
cores were found to be creamy white in colour, except between the depths of 687 and 
748 feet, where the rock exhibited an earthy texture and a chalk-like whiteness, as 
it also did at a few points l)elow. The yellow pieces of core when placed in dilute 
acid had the coloured film removed from them at once, and it was evident that this 
external colour was accidental — due to the deposition of a slight film of iron oxide, 
derived from the lx)ring tools, rods, and lining tubes. The analyses were therefore 
performed on samples taken from the interior of the cores, where free from this iron- 
staining. 

In some of the samples brought from Professor Sollas' lK)ring, from a small depth 
below the surface, there were naturally exposed surfaces of the solid cores which showed 
a much darker l)r()wn tint, due to a film deposited upon them. It was found quite 
impossible to separate this film for analysis, but various tests showed that it contained 
iron, though manganese could not be detected in it. I think this separation of iron- 
oxide must have been due to the action of vegetation, which had extracted ferru- 
ginous salts from the soil and deposited the oxide on the decay of the plant-tissues. 
But it is remarkable that where, as we shall see in the sequel', there is so small an 
amount of mineral matter available, with the exception of calcium carbonate, plants 
should be able to find the iron compounds and take them up into their tissues. 



4. Proportion of Organic Matter in the Samples. 

The proportion of organic matter retained in the calcareous skeletons of various 
organisms is liable to constant variation on the death of the organism, and is very 
difficult of determination. In the case of corals, we meet with special difficulties, for 
one part of a mass of coral may be dead and undergoing decay, while other portions 
of the same mass may l)e living. This is well shown in some of the specimens sent 
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home by Mr. Finckh, to illustrate the method and growth of corals. We have 
examples of AstrcBopora and other forms, in which a mass of dead and much decayed 
coral is being enveloped in a fresh layer formed by the caHces of Hving polyps. 

Benjamin Silliman, Jitnr., estimated the proportion of organic matters present 
in various genera of corals as varying from 2-8 per cent.* 

S. P. Sharples, analysing a series of specimens dredged by Count Pourtales 
off Florida and Cuba, found the limits of the proportions of organic matter and 
water, taken together, to lie between 1 and 4 per cent.t 

The analyses made of corals and coral-reef rock by Professor Liverstdge;]: indicate 
the presence of an even smaller proportion of organic matter in such materials, for he 
found less than I per cent, of water and organic matter, taken together, in a reef-coral 
from the New Hebrides. Later analyses by different chemists seem to indicate that 
the quantity of organic matter retained in dead coral is generally very small 
indeed. 

The analyses of the Funafuti cores indicate that in the surface rock the (juantity of 
organic matter is small, seldom, if ever, exceeding I percent. ; that at a depth of 
50 feet it is so minute as to be safely negligible, while at depths below 100 feet 
the quantity of organic matter is quite inappreciable. 

5. Proportion or Insoluble (Inorganic) Matter in Coral-Reef Rocks. 

The study of this subject in the case of the materials from Funafuti, has led to 
some very interesting results, which have an important bearing on certain geological 
questions. 

When, after being prepared in the manner described in the foregoing pages, the 
samples from Funafuti were dissolved in acid, it was found that the quantity of 
insoluble residue was, in all cases, almost inappreciable. As every specimen had to 
be dissolved for analysis, it was obvious that there could be no room for error on this 
point. In order, however, to remove any possibility of doubt, large quantities of 
material were from time to time submitted to solution, but always with the same 
result, a very minute quantity of insoluble matter being left behind. 

As a final check to these results I requested Dr. Skeats to dissolve very 
considerable quantities of the rock taken at different depths from the bore-hole, and 
after submitting them to slow solution in very dilute acid, so as to avoid risk of 
decomposition of basic or hydrous silicates, to weigh the residue (always a very 
minute one) in each case. These tests were repeated from materials taken at 
intervals all down the bore-hole, till there could be no doubt as to the result. 

* *Amer. Journ. Sci.,* 2nd series, vol. 1 (1846), p. 189. See also 'Report of the United States 
Exploring Expedition (Zoophytes),' 1846, p. 712. 

t * Amer. Journ. Sci./ 3rd series, vol. 1 (1871), p. 168. 

X * Journ. Royal Society of New South Wales,' vol. 14 (1881), pp. 159-162. 
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* 

Some of the numbers thus obtained were as follows : — 



Number of 

core. 


Depth ill foet. 


Weight of rock 
dissolved. 


Percentage 
of insoluble residue. 


6 
192 


10 
260 


91*50 grammes 
52-07 


• 003 
•083 


364-5 


670-698 


70-07 


•006 


72a 


763-771 


167-18 


•001 


384a 


922-936 


L 100-4 


•013 


652a 


1075-1087 


122-4 


•004 



In the case of the largest of these residues, that from 260 feet, an attempt was 
made to determine its composition. Only '04 gi-annne was available, but on fusion 
with carbonates and ignition this yielded 1275 per cent, of silica, the dissolved 
portion consisting principally of ferric oxide and alumina. 

Very similar results have been obtained by Mr. Stanley Gardiner in examining 
a series of coral-rocks and '* coral-sands" from the Maldive atolls.'**' In these, analysis 
showed that the quantity of silica present varied from '0013 to '076, omitting the 
cases in which argillaceous matter might have l)een present. The average of nine 
examples from Minikoi gave only '046 per cent, of siHca ; a specimen from Hulule 
gave '024 per cent, of silica ; while the average of four specimens from Suvadiva gave 
,only '003 per cent, of silica. The bases found to be present by Mr. Stanley 
Gardiner were calcium, magnesium, aluminium, and iron. 

The series of specimens from Christmas Island and from the raised reefs of the 
Pacific, for which I am indebted to Sir John Murray and Professor A. Agassiz 
respectively, have afforded to Dr. Skeats the means of determining the amount of 
insoluble inorganic matter from widely separated coral reefs all over the globe. He 
found in all cases that " insoluble residue is present in exceedingly small quantities," 
except where the limestones are associated with volcanic rocks, t 

This minute proportion of insoluble residue in the Funafiiti rocks appears at 
first sight somewhat difficult of explanation. Dr. Hinde and Mr. Kirkpatrick show 
that traces of siliceous sponges are present both among the organisms collected on 
the reef and also in the rocks of the reef brought up as cores from the borings. 
Indeed, as Dr. Hinde has pointed out, the borings of Cliona are very frequent. It 
would appear, therefore, that the colloid silica of sponge spicules and of radiolarians, 
diatomacese, &c., must, under the conditions that are present in the reef, pass again 
into solution before the silica is converted into the crystalline and insoluble form. 

There is another source of insoluble matter which must not be overlooked. In the 



♦ *The Fauna and Geography of the Maldive and Laccadive Archipelagoes,* vol. 1, Part 3, 
pp. 322-323. 

t *Bull. Mus. Comp. Zool Harvard College,' vol. 42 (1903), p. 103. 

3-B 
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description of the geology of Funafuti it will be seen that considerable quantities oi 
pumice are found washed up on the beaches. As is pointed out in the account of the 
Greology of the Island (pp. 76-77), the Hurricane Bank contains a thin but very 
persistent band of pumice, formed of materials which were floated across the Pacific 
after the eruption at Blanche Bay in New Britain in 1878. Dr. Hinde informs me 
that in no instance during his detailed examination of the cores did he detect any 
trace of pumice in them ; a particle which he found in loose material may have 
fallen in from above. The absence of silicates and other insoluble matter in the 
cores, as shown by their chemical analysis, proves that fragments of pumice and 
similar volcanic materials are very rarely enclosed in the coral-rock. In all probability 
such materials, though they may be stranded on the beaches for a time, are washed 
away again before becoming embedded in the limestone rock. Like all sub-aerial 
accumulations, they can only be preserved in submarine deposits by a combination of 
accidents. 

It will be seen from the table given on the preceding page, that the quantities of 
insoluble inorganic matter in the cores of Funafuti, show no tendency to increase in 
going do w^l wards. Near the bottom of the core, at a depth of between 1075 and 
1087 feet, an insoluble residue of only '004 per cent, was obtained, this being about 
the usual average amount found from top to bottom of the boring, except in one 
or two special cases. It is fair to conclude, therefore, that the boring, at its greatest 
depth, exhibited no indication of the proximity of volcanic rock or any materials 
containing silicates. The atoll is so large that in the centre of the lagoon non- 
calcareous material may exist enveloped and buried in coral-reef rock, and such 
non-ciilcareous material may l>e indicated moi'e or less obscurely by the results of the 
magnetic survey (see p. 36) ; but so far as the study of the rocks obtained from 
the boring afibrds any means of judgment, there is no more indication of the proximity 
of any foreign rocks at the depth of 1114 feet than there was at the surface. 

The analysis of the deep-sea deposits brought home by the *' Challenger " showed 
that in all cases the calcareous deposits from the ocean floor contain a proportion of 
insoluble matter, which generally varies between at least 1 and 3 per cent. ; Sir John 
Murray assures me that, as the result of his wide experience, it may l>e accepted 
as a proved fact that such a proportion of insoluble matter is characteristic of all deep- 
sea calcareous deposits. 

Hence, as coral-reef rocks have now been shown to be distinguished, except when 
formed in proximity to volcanic masses, hy the almost complete absence of insoluble 
incn^ganic matter, the geologist obtains a criterion by which he may probably be able 
to distinguish limestones which have been formed on and around coral reefs, from those 
which have been accumulated on the floor of the open ocean. An analysis of the 
limestone will show, in every case, whether it consists almost wholly of pure carbonates, 
indicating that it is of coral-reef origin, or if it contains the normal proportion of silicates 
found in all the oceanic oozes. 
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6. Proportion of Phosphates in the Materials from Funafuti. 

The early analyses of corals and other marine calcareous organisms made by 
Hatchett* and Benjamin Silliman, JuNR.,t showed that besides the calcium and 
magnesium carlx)nates, various other substances were present in small quantities ; 
in addition to silicon, aluminium and iron,* corals have been found to contain both 
phosphorus and fluorine. 

Of the other salts combined with the carbonates of the corals, the phosphates appear 
to be the most ul)i(iuitous and important. Silliman found minute quantities of 
phosphoric acid in nearly all the corals which he analysed. Sharples in his analyses 
canied on the laboratory of Professor Brush, in the Sheflield Scientific School, Yale 
University, found much larger amounts of phosphoric acid. He arrived at the 
conclusion that corals contain from 0*3 to 0*8 of calcium phosphate, J while a rock 
composed of coral fragments dredged by Count Pourtales from the ocean beneath 
the Gulf Stream between Cuba and Florida, yielded 1*20 of calcium phosphate. As 
we shall see in the sequel, the amount of phosphoric acid found by Sharples in corals 
and in coral-rock, is much in excess of what other analysts have obtained, and it seems 
probable that there was some source of error in the chemical methods employed 
by the analyst, or else that his specimens were of somewhat exceptional character. 
Sharples, indeed, argues as the result of his studies, that the proportion of phosphates 
may undergo an increase in materials of this kind as they lie on the ocean-floor. 

Liversidge,§ Cooksey,|| Pollard,!! Steiger,** HARRisoNft and other chemists have 
only detected minute traces of phosphates either in corals or coral-rocks ; and the 
prelhninary qualitative analysis of the Funafuti rocks showed phosphates to be present 
only in very minute quantities. In order that the question of the proportion of 
phosphates in the rocks from the Main Boring at Funafuti should be placed beyond 
doubt, I recjuested Dr. Cullis and Dr. Skeats to determine the amount of those salts 
in some of the cores* which showed unmistakable evidence of their presence. The 
determination of the phosphates was made in the same way as in the earlier analyses 
(see p. 362), by their precipitation as ammonium phospho-molybdate. 

The results obtained are given on the following page, the proportions of calcium 
phosphates at the several depths being stated : — 

* * Phil. Trans.,' vol. 90 (1800), p. 327. 

t *Amer. Jourii. Sci.,' 2nd series, vol. 1 (1846), p. 189; * United States Exploring Expedition* 
(Zoophytes), 1846, p. 712. 

{ * Amer. Journ. Sci.,' 3rd series, vol. 1 (1871), p. 168. 

§ * Journ. Proc. Roy. Soc, New South Wales,' vol. 14, pp. 159-162. 

II Memoir III., Austral. Museum, Sydney. * The Atoll of Funafuti,' Part 1, p. 76. 

U * Proc. Camb. Phil. Soc.,' vol. 9, p. 417. 

** * Bull. Harvard Coll. Mus.,' vol. 26 (1895-6), p. 85. 

ft * Quart. Journ. Geol. Soc.,' vol. 47 (1891), pp. 197-245. 
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Depth of core in feet. Percentage of calcium phosphate. 

About 15 136 

526 -200 

598 -124 

060 -150 

690 -168 

898 -217 

1003 -195 

„ 1108 -288 

By the method of analysis adopted, the presence of phosphates would be at once 
iudicated, and if they had occurred in marked (juantity in any sample taken for 
analysis, the circumstance would have been at once detected. It was found, on the 
contrary, however, that the amount of this constituent was always minute, and, in 
some cases, nearly inappreciable, in the case of every sample taken. In the analyses 
of the raised coral-reefs from the Indian and Pacific Oceans, which Dr. Skeats made 
on the materials supplied by Sir John Murray, Professor Alexander Agassiz, and 
Professor T. Ed(4EW0Rth David, calcium phosphate was found to exist generally as 
a mere trace. The highest proportions found were '29 in a rock from Mango in the 
Fijis, '064 in a rock from Ngillingillah in the same gi'oup, '22 in a rock from Nine or 
Savage Island, and '15 from rocks at Christmas Island. 

From these results, compared with those quoted from Harrison and other authors, 
it may be safely concluded that the rocks of Funafuti agi'ee with most coral-reef 
formed limestones in containing only very minute traces of calcium phosphates — rarely 
if ever exceeding 0*2 per cent. 

As is so well known from the examples at Christmas Island and the Clipperton 
Atoll, described by Mr. Teall,* coral-island rocks which become the haunts of 
sea-birds may be covered with extensive deposits of guano, the water percolating 
through which may convert the underlying rocks into materials rich in phosphates, 
which are sometimes of great economical value. 

A rock obtained by Professor Sollas from behind the Mangrove Sw^amp near 
Fongafale in the main island of the atoll was of a dark brown tint, and was found by 
him to be rich in phosphoric acid. The soil of theTaro plantation near this point had 
been collected by Mr. Hedley, and on analysis by Dr. CooKSEvt was found to contain 
6 per cent, of phosphoric acid. 

Analyses of two samples of rock brought from this locality by Professor Sollas 
yielded respectively 21*64 and 29*07 per cent, of calcimn phosphate. In the islet of 
Avalau, lying north of the main island of Funafuti, two other specimens of a brown 
rock forwarded by Professor Sollas, yielded Dr. Skeats on analysis 14*40 and 

* * Quart. Journ. Geol. Soc.,' vol. 54 (1898), pp. 230-232. 
t Memoir 111., Austral. Museum, Sydney, p. 7(j. 
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26*34 per cent, of calcium phosphate. The latter of these two rocks consisted of a 
brown matrix with white limestone fragments scattered through it. Enough of the 
brown matrix was isolated by careful picking by Mr. J. Henry, in the Geological 
Laboratory, for analysis, and tliis yielded Dr. Skeats 32*5 per cent, of calcium 
phosphate, while the white fragments gave only 571) })er cent, of the phosphate. 

As several islets on the western side of the atoll are haunted bv sea-birds, it is not 
impossible that other siuface rocks of Funafuti may l)e found to be phosphatised in a 
similar manner. 

The fact that no phosphatised rocks were found in the Vx^rings, probably points 
to the conclusion that no part of the rocks traversed by the boring had been long 
elevated and exposed at the surface, so as to become impregnated with solutions of 
phosphates by the slow percolation of rain-water through the mass. It is in this 
way that rocks like those of Christmas Island and Cli])perton Atoll probably become 
phosphatised, while rocks covered by guano, which are exposed to the action of the 
sea, do not appear to undergo chemical changes of the same kind. 

7. Propofitions of Calcuum asd Magnesium Carbonates in the Funafuti 

Roc^Ks as Bearing on Theories of Dolomitisation. 

From what has been stated in the preceding pages, it will be seen that the rocks 
passed through in the lx)rings at Funafuti are almost w^hoUy composed of carbonates. 
As we have already stated, the organic matter of the plants and animals, everywhere 
small in amount, rapidly diminishes as we go downwards, and at the depth of 100 feet 
has almost entirely disappeared. The proportion of insoluble inorganic materials — as 
appears to be always the case with coral-reef rocks, when not in immediate proximity 
to volcanic or other foreign rocks — is so small as to be also almost inappreciable. The 
phosphates are present ojily in minute proportion, and no other substances occur except 
as the merest traces. Thus the great problem presented by these rocks is that which 
relates to the changes in the relative proportions of the calcium and magnesium 
carbonates and the causes to which these changes are to be ascribed. 

As has been already pointed out, the proportion of magnesium carbonate rises in 
the first 50 feet of descent in all the borings, from the normal 1 to 5 per cent., up to 
a maximum of nearly 16 per cent., which is attained at a depth of about 25 feet, and 
then declines again to what may be considered the normal amount I to 5 per cent. 
At 637 feet the percentage of magnesium carbonate again rises from this normal and 
by 660 feet has reached nearly 40 |)er cent. This proportion with some small 
exceptions is maintained to the bottom of the bore-hole at 1114 feet (see fig. 23, 
pp. 364-5). 

A series of analyses have been made of the materials in and around the Funafuti 
Atoll, with mineralogical studies of the rock at different depths from the boj-e-holes, 
and the Vjearing of these upon the question of the causes of the changes in the 
proportions of the tw^o carbonates may now be discussed. 
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Various coral-reef rocks which have been analysed have yielded somewhat abnormal 
quantities of magnesium carbonate. Besides the • early determination of magnesium 
carbonate in a rock from " Matea " (Makatea) in the Paumotus, by B. Sillimax, Junr., 
we have a rock from Duke of York's Island, which yielded 1*808 per cent, to 
Professor Liversidge" ; and a rock from Luamanif in Funafuti which yielded 
Dr. M. T. CooKSEYt 1*69 per cent, of magnesium carbonate. 

In two specimens brought from Namuka in the Fiji Islands, by Mr. Stanley Gakdiner, 
Dr. Pollard found respectively 67 per cent, and 21*5 per cent, of magnesium 
carbonate.J The interesting results obtained by Dr. Skeats in his analyses of the 
rocks of raised reefs from various portions of the Indian and Pacific Oceans which 
have been made in tlie Geological Laboratory of the Koyal College of Science, ujK)n 
material supplied to us by Sir John Murray, Professor A. Agassiz, and Professor 
T. Edgeworth David, are of very great value. § 

The only other case Ixjsides that of Funafuti in which it has been possible to obtain 
specimens collected in actual vertical sequence by boring operations, for the purpose 
of chemical analysis, is that of the deep boring made in 1895-96 at Key West, 
Florida. The results obtained bv Mr. G. Steiger in the laboratories of the United 
States Geological Survey, are as follows : — 



Depth in feet. 


Calcium carbonate. 


Mfignesinm carbonate 


25 


96-49 


•Gl 


100 


96-47 


1-6! 


150 


97-12 


rso 


350 


91-91 


3-51 


600 


87-28 


5-25 


775 


83-12 


14 07 


1125 


96-16 


1-80 


1325 


97-31 


1-30 


1400 


98-47 


-63 


1475 


97-29 


1-53 


1625 


96-27 


2-39 


1850 


96-94 


2-35 


2000 


96-48 


2-22 



As will be seen by comparison with the Funafuti results, though there is the 
marked rise of the magnesium carbonate percentage of 775 feet, there is nothing like 
so close an approach to complete dolomitisation as is found at Funafuti. 

♦ * Jouni. Roy. Soc.' New South Wales, vol. U (1881), pp. 159-162. 
t Memoir III., Austral. Museum, Sydney, Part 1, p. 76. 
X *Proc. Camb. Phil. Soc.,' vol. 9 (1898), p. 468. 

§ Full details on this subject will be found in the Memoir by Dr. Skeats published in the * Bulletin 
of the Museum of Compirative Zoology of Harvard College' (vol. 42, 1903, pp. 53-126). 
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(a) Ammint of MagiieMum Carbonate secreted by Plants and Animals to form 

their Skeletons. 

That the calcareous skeletons of plants and animals contain minute proportions of 
other salts, besides calcium carbonate, such as magnesium and iron carbonates, silica, 
fluorides, phosphates, &c., is a fact that has long been recognised. Among these 
adventitious substances the magnesium carbonate is usually the most abundant. The 
earliest attempt to make accurate determinations of the proportion of magnesium 
carbonate in the calcareous skeletons of plants and animals are those of Forchhammek, 
whose pioneer researches upon the phenomena of dolomitisation are so well known. 

By the year 1849, Forchhammer had arrived at the conclusion, from numerous 
analyses, that the amount of magnesium carbonate in fresh animal and vegetable 
calcareous structures does not exceed 1 per cent, of their whole weight.'**' Benjamin 
SlLUMAN, JuNR., had already, in 1846, arrived at the conclusion, as we have seen 
in the preceding pages, that the proportion of magnesium carbonates contained in corals 

is small, t 

That Forchhammer's general conclusions were correct has been proved by many 
subsequent analyses by different chemists. Professor Liversidge in 1881 found in 
a reef-coral from the New Hebrides only '17 per cent, of magnesium carbonate, but in 
a coral limestone from Duke of York's Island he found 1*808 per cent, of the magnesium 
8alt4 In 1894 Hogbom analysed several corals from the Bermudas, obtaining the 
following results for the proportion of magnesium cai'bonate : — 

Porites sp 0*2 

Milli'pirra alcicornis , . . '41 and '97 

OcvJhui sp '36 

Coral from Java seas 'IG 

A number of univalves and bivalves from a coral reef yielded the same investigator 
an average of only '16 of magnesium carbonate. § 

Three analyses of different portions of the shell of the giant-clam {THdacna gigas, L.) 
made in my laboratory, gave Dr. Skeats percentages of '36, '44, and '47 of magnesium 

carlx)nate. 

Walther in 1885 obtained the following results from the analysis of forms belonging 

to two genera of Polyzoa : — 1| 

Eschara foliacea . . . 1*2 of magnesium carbonate 
Lepralia sp 2*2 „ „ 

* 'Oversigt over (let Kongelige Danske Vidensk. Selskabs Forhandl.,' 1849, pp. 83-96; Bidrag til 
Dolomitensdannelshistorie ; Erdmann, Mourn. Prak. Chem.,' vol. 49 (1850), pp. 52-64; * Brit, Assoc. 
Eep.,' 1849 (part 2), pp. 36-37. 

t *Amer. Journ. Sci.,* 2nd series, vol. 1 (1846), p. 189, and * United States Exploring Expedition' 
(Zoophytes), 1846, p. 712. 

X * Journ. Roy. Soc.,* New South Wales, vol. 14 (1881), pp. 159-162. 

§ 'Neues Jahrb. fiir Min., &c.,' 1894, I, pp. 268-9. 
* Zeitsch. d. Deutsch. Geol. Gesellach.,' vol. 37, 1885, p. 338. 
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The first of these is said to have been quite fresh, the second was in fragments, 
and may have undergone some alteration. 

The proportion of magnesium carbonate combined with the calcium carbonate of 
TAthotliamnion, Halimeda and other calcareous algse has been very variously stated 
by different authors. 

In a specimen of Ilalimeila from Labuan, Hogbom found only a trace of magnesium 
carbonate ; in a Fenici/lus from the West Indies, he obtained the same result.* A 
Riviolaria yielded '69 of magnesium carbonate to 84'88 of calcium carbonates 
('81 per cent.), while an undetermined calcareous alga from the Java seas gave '04 
of magnesium carbonate to 32'72 of calcium carbonate (12 per cent.). 

The very fresh tuft of Halmieda opuntia which was grown in six weeks at 
Funafuti (see p. 146) supplied the means of obtaining a very exact determination of 
the proportion of the two carbonates in a specimen which could have undergone little 
if any change. Dr. Skeats* analysis of this specimen gave '60 of magnesium 
carbonate to 86*50 of calcium carbonate ('7 per cent, of the total mineral matter). 

(6) Changes in the Proportions of the Calcium and Magnesium Carbonates which 

Occur after the Death of Calcareous Organisms. 

While there is good reason for accepting as correct the conclusion of Forchhammer 
that living organisms, which secrete calcium carlx)nate in their skeletons, take up 
magnesium carlxMiate to the extent of, at most, only about 1 per cent, of the calcium 
salt, there is much evidence that many skeletons of dead organisms contain a con- 
siderably higher proportion of the magnesium salt, and the same is true of the muds, 
sands and rocks formed by the disintegration of the remains of these organisms. 

In his ' Flora,' Payen gives an analysis of Halimeda showing 5*50 of magnesium 
carbonate to 90*16 of calcium carbonate,t which works out as 575 of magnesium 
carbonate in the total mineral matter. A specimen of dead Halimeda fronds from 
the Funafuti lagoon, which was analysed by Dr. Cullis for me, gave I 39 of 
magnesium carbonate to 98*32 of calcium carbonate, that is, the magnesium salt 
formed 1 *4 per cent, of the whole mineral matter present. 

A mass of Halimeda fronds, dredged from the face of the reef, off Tutanga, at a 
depth of between 50 and 60 fathoms, was analysed by Dr. Skeats with the following 
result : — Magnesium carbonate was present to the extent of 4*0 per cent, to 93*59 
of calcium carbonate, that is, the magnesium carbonate formed 4*1 per cent, of the 
total mineral matter. 

The estimations made by Dr. Skeats of the composition of the dredgings made on 
the floor of the lagoon of Funafuti, consisting of 90 per cent, and upwards of 
Halimeda fronds, showed from 2 to 6 per cent, of magnesium carbonate as being 
present. Similar results w^ere yielded by the analysis of the materials in the Lagoon 

* IjOc. (nt,y p. 273. 

t Payen*s * Flora,* vol. 1, p. 71. 
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Boring, there l>eing little evidence that the proportion of magnesium carbonate 
increases in going downwards to the limit reached of 245 feet. 

I have not been able to obtain any analysis of perfectly fresh Lithothamnioa, but 
probably the fact that new living layers are constantly spreading over dead ones 
would make any result untrustworthy. Many chemists, however, have found in dead 
specimens of Lithothamnwn a quite abnormal proportion of the magnesium carbonate. 
Thus GuMBEL gave the proportion of magnesium carbonate to calcium car])onate in 
a specimen of Lithothamnion nodosum, KuTZ. sp., as 5*58 to 84 '14, equivalent to a 
percentage of 6*62 of magnesium carbonate in the total carbonates,* this being the 
mean of several analyses. Walther in 1885 gave the composition of the mineral 
matter in a very compact species o{ Lithothamnion, as 3 '99 of magnesium carbonate 
to 85"87 of calcium carbonate (= 4'44 per cent, of the mineral matter). A specimen 
o{ Litlwthamnion ramulos^im gave, to the same author, 6 42 of magnesimn carbonate 
to 81*93 of calcium carbonate (= 71 5 per cent, of the mineral matter), t 

Very striking, indeed, are the results of a similar kind obtained by Hogbom from 
the analysis of a considerable number of museum specimens of Lithothamnion. 

These results may be tabulated as follows : — 



Species. 



IMhothamnion, sp. 



» 
>» 

» 






sortjem 
polyinarph 
sp. . . 
raceinua . 
ramulomm 



am 



sp. . 
qUicuile 



Locality. 



Java Sea . . . 
Pliocene, Tarent 

(jalapagos Is. . 

Spitzborgen . . 

Honolulu. . . 

Kattegatt . . 
Behring's Is. 

Naples . . . 



ij 



Bennudas 
1 



Calcium 
carbonate. 



72 
89 
83 
84 
84 
80 
74 
74 
77 
63 
82 
83 



03 
97 
60 
83 
01 
90 
22 
24 
39 
00 
44 
10 



Magnesium 
carbonate. 



3 

6 

6 

8 

9 

9 

9 

9 

11 

9 

12 

13 



76 
49 
53 
07 
39 
56 
10 
94 
33 
46 
37 
19 



Percentage of 

magnesium 

carbonate in 

mineral matter. 



4 


•96 


6 


73 


7 


•24 


8 


69 


10 


•05 


10 


57 


lo- 


93 


ll 


82 


12 


•77 


13 


•05 


13 


•05 


13 


•70 



A specimen of Lithothamnion Phillipi, var. funafutierms, Foslie, which retained 
in its outer layer the purple tint, usually so fiigitive, and which was evidently 
collected in a living state, so far as this outer layer is concerned, yielded to 
Dr. Skeats on analysis no less than 5*86 of magnesium carbonate. The mass was 
nearly 1 inch in thickness, and, except in the purple surface layer, was white and 
crumbling. 

All these analvses noint to the conclusion that the calcareous algae, Halimeda and 

* ' Abhandl. Bayer. Akad. Wissenchaft.,' vol. 11 (1871-74)), p. 26. 
t * Zeitsch. d. Deutsch. Geol. Gesellsch.,' vol, 37, 1885, p. 338. 
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Liihothamnion, which are now shown to play such an important part in the building 
up of coral-reef rocks, undergo rapid changes in their mineral skeleton after the 
death of the organisms. It is not improbable that the vegetable matter, so 
intimately united with the mineral substances, yields carbon dioxide during decay and 
decomposition, and that a solvent action goes on by which mineral matter is being 
continually carried away. 

As we shall show-, subsequently, there is good evidence that, when mixtures 
of the calcium and magnesium carbonates are slowly acted upon by weak solvents, 
the calcium carbonate is dissolved and carried away faster than the magnesium 
carbonate, leaving the whole, or nearly the whole, of the latter constituent 
behind. By this process of '* leaching out" of the calcium carbonate from the mixed 
carbonates, the percentage of magnesium carbonate in the mineral skeletons must 
continually rise. It is by this post-mortem action that we may account for the high 
percentage of magnesium carbonate in the skeletons of Ilalimeda, Li the th amnion^ 
&;c., which has been discovered by Payen, Walther, Hogbom, and others, and has 
been thought by some authors to indicate a special capacity in these calcareous algae 
for secreting the magnesium carbonate. 

That this change, which takes place, perhaps, with especial facility in the case of 
the calcareous algae, goes on in the case of other calcareous skeletons, we have abundant 
proof. Professor Liversidge found that, while in fresh coral the proportion of 
magnesium carbonate was very small, yet, in a coral limestone from Duke of York's 
Island, it amounted to 1*808 per cent. Hogbom, while proving that fresh corals 
contain in every case much less than 1 per cent, of magnesium carbonate, found in a 
coarse reef-rock 1*64 per cent. ; in a reef-rock, with fragments of gastropods, 2 13 per 
cent. ; in a white lagoon-mud, 179 per cent. ; in a terra-cotta coloured lagoon-mud, 
4*04 per cent. ; • while, in a coral-mud from the Java seas, 372 per cent, of 
magnesium carbonate was found present to 2774 per cent, of calcium carbonate 
(= 11*12 per cent.).* 

Very significant, too, is the fact which has been pointed out by Sir John Murray 
and Mr. Irvine, that in certain specimens of the giant-clam {Tiidaciia gigas, L.) a 
much higher percentage of magnesium carbonate was found in the outer and older 
portions of their umbos than in the internal and more recently formed shell-layers, t 

(c) The Action of Solvents upon Mixtures of the Calcium and Magnesium 

Carbonates. 

There has been much diversity of opinion among chemists as to the relative 
solubilities of the calcium and magnesium carbonates. From the behaviour of the 
two salts during ordinary analytical operations, it is generally taken for granted that 
the magnesium carbonate is much more soluble than the calcium carbonate ; but, as 

* Loc, cU,, p. 270. 

T See * Natural Science,' vol. 7 (1895), p. 22. 
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pointed out by the late Mr. E. T. Hardman, this seems only to be true when 
ammonium salts are present ; while direct experiments, with solutions not containing 
the ammonium salts, give very different resulta 

In 1848 Professors W. B. and R. E. Rogebs described a series of experiments 
which they had made upon the solvent action of pure water, and of water containing 
carbon dioxide, on various minerals and rocks. By agitating powdered mixtures of 
the calcium and magnesium carbonates in flasks containing water with carbon 
dioxide, they found that the magnesium salt was dissolved faster than the calcium 
salt.* 

A directly opposite result to this was, however, obtained by Gustav Bischof, 
from experiments described by him in his well-known ' Lehrbuch der Chemischen 
und Physikalischen Geologie.* In these experiments, magnesium limestones of known 
composition were finely powdered and mixed with water, through which carbon 
dioxide was passed for twenty-four hours. The liquids, when filtered off and 
analysed, yielded a considerable amount of calcium carbonate, but only traces of the 
magnesium carbonate. Bischof also suggests that dilute acetic acid behaves in the 
same way as carbonic acid, dissolving out calcium carbonate more rapidly than 
magnesium carbonate from a mixture of the two salts, t 

The effect of even moderate pressure in modifying the solvent action of carbon 
dioxide on the magnesium and calcium carbonates is a fact well known to chemists. 
Based upon this ])rinciple, a process was for some time employed for the commercial 
extraction of nearly pure magnesium salts from dolomite, which consisted in subjecting 
the rock, when finely ground and mixed with water, to the action of carbon dioxide, 
under a pressure of about four atmospheres. Under these conditions the magnesium 
carl)onate passed readily into solution while very little calcium carbonate was taken up. J 

Hardmax, in 1876, repeated on a much more extended scale the experiments of 
Bischof, and proved conclusively that when magnesium limestones broken into small 
fragments are submitted to the slow action of water containing small quantities of 
carbon dioxide, the calcium carbonate is dissolved at a much more rapid rate than 
the magnesium carl)onate.§ 

In 1894 it was sliown by H6gbom,|| that when calcareous organisms are treated 
with dilute acetic acid, the quantity of magnesium which passes into solution is 
very insignificant, as compared with the quantity of the calcium salt dissolved. He 

* *Amer. Journ. 8ci.,' 1st series, vol. 5 (1848), pp. 401-405; also in * Edinb. New. Phil. Journ.,' 
vol. 45 (1848), pp. 1G3-168; and ' Brit. Assoc. Rep.,' 1849, PI. 2, pp. 40-42. 

t 'Chemical and Physical Geology ' (Cavendish Society), 1858, pp. 194-196. 

X *Dingl. Polyt. Journ.,' vol. 209, p. 467; abs., * Chem. Soc. Journ.,' vol. 12, p. 96. 

§ *Roy. Irish Acad. Soc. Proc.,' 2nd series, vol. 2 (Science), pp. 705-730. 

II * Neues Jahrb. fiir Min.,' <fec. (1894), vol. 1, p. 271. The first author who suggested this enrichment 
of a rock with magnesium salts by the gradual leaching out of calcium salts appears to have been 
Grandjean, in his Memoir on '* Die Dolomite und Braunstein-Lagerstiitten im untern Lahnthal," * Neues 
Jahrb. fur Min.,' ifec. (1844), pp. 543-553. 
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found that a specimen of lAthothamnion, which contained about 11 per cent, ot 
magnesium carbonate, when treated with acetic acid till about 60 per cent, of the 
mineral matter was removed, had l)ecome enriched with magnesium carbonate to the 
extent of 20 per cent., owing to this more rapid leaching out of the calcium carbonate. 
In the same way it was found by Hogbom that a coarse lagoon-mud treated with 
acetic acid, till 80 per cent, of the material was removed in solution, gave the 
following result. Before treatment the percentage of magnesia present was 
1*79 per cent, and afterwards as high as 4*4 per cent. 

Indirectly, however, we liave abundant evidence that under the solvent action of 
carbon dioxide a leaching out process takes place in mixtures of the calcium and 
magnesium carbonates, and the former being dissolved more rapidly than the latter, 
the magnesium percentage in the residue constantly rises. 

In connexion with this point the very valuable Memoir of Professor E. J. Garwood, 
* On the Origin and Mode of Formation of the Concretions in the Magnesian 
Limestone of Durham,'* a Memoir which has perhaps not received the attention 
which it deserves, has a very important bearing on the subject under discussion. 
Professor Garwood shows that the curious concretions so well-known for their 
simulation of organic form, are the result of the solvent action of water containing 
carbon dioxide upon a mass containing various proportions of the calcium and 
magnesium carl)onates, up to 46 per cent, of the latter salt. The concretions, however, 
consist almost entirely of calcium carbonate, the proportion of magnesium carbonate 
being only from 1*5 to 4 per cent. It is evident, therefore, that in the solvent action it 
is the calcium salt which is taken up almost to the exclusion of the magnesium salt. 

Hogbom's analysis of stalactites taken from caves in the coral rocks of the 
Bermudas entirely confirm the results and reasoning of Professor Garwood. He 
found that these stalactites — clearly formed by the percolation of water with carbon 
dioxide through the coral-rock — contained only '18 to '68 per cent, of magnesium 
carbonate, while the coral-rock itself contains about five times that percentage of the 
magnesium carbonate, t 

Hogbom's researches on the composition of the marine laminated marls of Sweden, 
which are deposited from water (formed by the melting of the inland ice), after 
it has flowed over the Silurian rocks of the country, are of especial interest and value 
in connexion with this question. He shows that as we proceed farther and farther 
from the limestone rocks the proportion of the carbonates to argillaceous matter 
regularly diminishes. If, however, we compare the relative proportion of the calcium 
and magnesium carbonates in the Silurian limestone with that in the sediments 
derived from them, a very remarkable and significant difference is detected. While 
the proportion of magnesium carbonate in the Silurian limestone is only about the 
one-hundredth part of the calcium carbonate, the laminated marls yield from 3 per 

♦ 'Geological Magazine,' Dec. 3, vol. 8 (1891), pp. 433-446. 
t Loc. cit.y p. 271. 
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cent, upwards of magnesium carbonate, until at last we find materials in which the 
calcium carlx)nate has entirely disappeared. As the amount of mixed carbonates in 
the mud diminishes, the proportion of magnesium carbonate to calcium carbonate 
is found to rise. 

The analyses made of the laminated clays for the Geological Survey of Sweden 
afford the means of making a very exact comparison of the changes taking place as 
we proceed from north to south, from Gefle to the south of Stockholm, that is, going 
farther and farther from the Silurian limestone of Bothnia. The results are so 
striking and conclusive that I transcribe the table as given by Hogbom, the localities 
in which are situate from north to south : — 



Localities. 



Percentage of i 
calcium carbonate., 



Leufsta . . . 

Orbyhus . . 

Salsta . . . 

Upsala . . . 

Sigtiuia . . . 

Fano. . . . 

Sodertelje . . 
Horningsholm . 



32 
23 
21 
17 
11 
11 
7 
3 





7 
8 
4 
9 
6 
3 



Percentage of 
macnesium 
carbonate. 



1 
1 
1 
1 

1 
2 
1 



2 
4 
5 
3 
8 
9 
8 
2 



Percentage of 

magnesium to 

calcium carbonate. 



3 
6 
6 
7 
7 

16 
37 
36 



7 
1 
9 
2 







Number of 
analyses. 



U 
6 

10 
8 

29 
9 
9 

17 



These analyses show conclusively that as the detritus from the Silurian limestone 
is carried out into the Baltic, the soluble constituents are gradually dissolved out of 
it, but that in this solvent action the removal of calcium carbonate goes on much 
more rapidly than that of the magnesium carbonate, so that a material becoming 
gradually richer in the last-named constituent is formed and left behind. 

The observations made in the '* Challenger " and other deep-sea explorations — 
which have been discussed in the memoirs of Sir John Murray, Professor Renard, 
Mr. Robert Irvine* and others — prove conclusively that, as materials descend into 
the deeper parts of the ocean, calcium carbonate is being continually abstracted by 
the solvent action of carbon dioxide. This is well illustrated by the table on the 
next page given by Murray and Irvine on the proportion of carbonates in deep-sea 
deposits, which are based on the '' Challenger" analyses. 

The study of deep-sea oozes all over the world has amply verified the results 
obtained during the voyage of the " Challenger," as to the constant solution of the 
skeletons of organisms consisting of calcium carbonate in their descent from the 
surface waters to the lower depths of the ocean. 



* Murray and Renard, " Challenger " Reports, *Deep Sea Deposits,' (1891); Murray and Irvine, 
*Roy. Soc. Edin. Proc' (1889), vol. 17, p. 89; Murray and Irvine, * Roy. Soc. Edin. Trans.,' vol. 37, 
(1893), p. 481. 
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Depths in fathoms. 



Under 500 .... 
From 500 to 1000 . 
1000 „ 1500 . 



» 



1500 
2000 
2500 
3000 
3500 
Over 4000 . 



, 2000 . 

, 2500 . 

, 3000 . 

, 3500 . 

, 4000 . 



Mean 

percentage of 

carbonates. 



Number of 
analyses. 



86 
66 
70 
69 
46 
17 





04 
86 
87 
55 
73 
36 
88 
00 



trace 



14 

7 

24 

42 

68 

65 

8 

2 

1 



HoGBOM has shown conclusively by a discussion of these same " Challenger" 
analyses* that, under the action of the carbon dioxide in sea-water, the calcium 
carbonate passes into solution much more rapidly than the magnesium carbonate. 
This fact appears most strikingly apparent from the following table, which is taken 
from Hogbom's suggestive Memoir : — 





. 




Percentage of 




Limits of carbonates. 


Mean calcium 


Mean magnesium 


magnesium 


Number of 


carbonate. 


carbonate. 


carbonates to 


analyses. 


1 

! 






calcium carbonate. 




80 to 100 per cent. . . 


86-7 


0-7 


0-8 


8 


60 „ 80 




68-3 


1-4 


2-0 


8 


40 „ 60 




52-0 


1-2 


2-4 


8 


20 „ 40 




320 


0-9 


3-0 


3 


10 „ 20 




16-2 


1-6 


10-0 


4 


5 „ 10 „ 




6-1 


0-7 


11-5 


1 


3 ,. 5 „ 




3-7 


1-6 


43-0 


7 


1 ,, 3 „ 




20 


2-1 


105 


9 



It is evident from a comparison of the two tables given above that, under the 
conditions which exist in the open sea, the carbonates are being gradually dissolved out 
of materials as they slowly descend to the floor of the deep ocean, and also that the 
calcium carbonate is being more rapidly removed in solution than the magnesium 
carbonate. 

The experiments and observations which have been described point to the conclusion 
that the relative solubilities of the calcium and magnesium carbonates in water 
containing carbon dioxide may vary greatly under different conditions of temperature, 
pressure, and the presence of other salts in the solution. That, in many parts of the 
ocean, conditions prevail which tends to the leaching out calcium carbonate, and the 
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consequent accumulation of the magnesium carbonate, there cannot be any doubt, but 
the exact nature of these conditions has not yet been determined. 

(d) Bearinrj of the Analyses m<xde of the Funafuti Materials, upon the question of the 

Causes of Dolomitisation in Coital- Reef Rocks, 

It has been conclusively shown })v modern researches — as pointed out in the 
preceding pages — that the free carbon dioxide in ocean waters exercises a solvent 
action upon all carbonates carried down to the sea in suspension, as well as upon the 
calcareous skeletons of plants and animals which have lived in the ocean and have 
derived the materials of their skeletons from its waters. How far this solvent action 
has been aided by the great pressure in the deeper parts of the ocean has not been 
determined. Neither has the influence of temperature been exactly ascertained, 
though the examples of altered Lithothamnion cited from Arctic regions (see p. 377) 
prove that even in waters oiJy a little above the freezing point solvent action is 
taking place. 

This solvent action goes on more rapidly in the skeletons of those organisms which 
are composed of the unstable aragonite than- in those which consist of the more stable 
calcite; and where tlie skeleton consists in parts of different forms of calcium carbonate, 
the aragonite portions are removed more rapidly than the calcite portions. 

It has been pointed out that in those organisms of loose texture, like corals and 
calcareous algse, or those wliich contain much organic tissue combined with the 
mineral matter of their skeletons, like fish and crustacean skeletons, the work of 
solution appears .to go on more rapidly than in the case of skeletons of compact 
texture with little organic matter, like some of the foraminifera. As Sir John 
Murray and Mr. Irvine remark : — 

" All those shells in which a considerable quantity of organic tissue is associated 
with the carbonate of lime disappear in solution more rapidly than the shells of the 
Foraminifera which contain little organic matter. During the whole of the 
' Challenger ' cruise only two bones of fishes, other than the otoliths and the teeth, 
were dredged from the dejx)sits, and all traces of the cetacean bones w^ere removed, 
except the dense ear bones, and the dense ziphioid beaks. The remains of crustacean 
animals were almost wholly absent from deep-sea deposits, with the exception of 
ostracod shells and the hard tips of some claws of crabs."* 

There can be little doubt that this result is due to the circumstance that the slow 
decay and oxidation of the organic tissues must produce carbon dioxide in the most 
intimate admixture with the carbonates, and that under these conditions solution 
proceeds rapidly. 

There is reason to believe that this solvent action goes on with especial rapidity 
in the case of the calcareous algse, Lithothamnion and Ilalinieda, which are now 

♦ 'Roy. Soc. Edin. Proc.,' vol. 17 (1889), p. 99. 






384 PROFESSOR J. W. JUDD. 

known to play such an important part in building up of coral-reef rocks. The former 
of these organisms, a purple seaweed, secretes the calcium carbonate in the form ot 
calcite ; the latter, a green siphonaceous form, has its skeleton composed of aragonite. 

It is now quite certain, both from the results of experiment and observation, that 
in this solution of the carbonates — alike in organic and in inorganic sediments — the 
calcium Carbonate is, as a rule, much more rapidly removed than the magnesium 
carbonate. The effect of this continual leaching out of the calcium carbonate is to 
leave behind residues which become progressively richer in the magnesium carbonates. 
This appears to be true of all oceanic deposits containing carbonates, though there is 
evidence that certain organisms, like the corals and other forms consisting of aragonite 
or containing much organic tissue, and especially the calcareous algse, undergo 
solution, and consequently the leaching-out process, more rapidly than others. 

How far the enrichment of a material with magnesium carbonate by the constant 
leaclimg out of the calcium carbonate may proceed has not been exactly determined. 
But the analyses of different forms of lAthothamnion by Hogbom show that specimens 
of that organism, which probably contained originally not more than 1 per cent, 
of magnesium carbonate, may have the calcium carl)onate leached out till the 
proportion of magnesium carlx)nate rises to 14 per cent, (see p. 377). It is obvious 
that in this leaching-out process the density and solidity of the mass of carbonates 
must be gi-eatly reduced, and the appearance of many of the remains of these 
calcareous algae indicates that much of the mineral substance of their skeletons has 
been removed by solution. 

In the cores from the borings at Funaftiti we have seen that, over a very 
considerable area, there is evidence that down to the depth of 15 to 25 feet there is a 
tolerably rapid rise in the percentage of magnesium carbonate up to 16 per cent, and 
then a decline at nearly the same rate down to 50 feet. In the case of the Main 
Boring two maxima of 1 6 '4 and 1 6 per cent, of magnesium carbonate can be detected 
at depths of 15 and 25 feet respectively, with a minimum of 12 per cent, between 
them. In the two borings made by Professor Sollas, although we have not the 
means of tracing so accurately the rate of rise and fall of the magnesium carbonate 
percentage, we have clear evidence that a similar condition of things exists. 

It seems not improbable that the emuchment of the rock in magnesium carbonate 
up to 16 per cent, in the upper part of the cores may be entirely due to the leaching 
out of the calcium carbonate. Of this we are able to supply an interesting confirmation 
from the microscopic examination of the cores by Dr. Hinde and Dr. Cullis. The 
degree of mineralisation in this part of the core is described by the former as being 
slight, and Dr. Cullis, whom I asked to look very carefully in this part of the core 
for indications of dolomite, assures me that he has failed entirely, either by microsco- 
pical or chemical tests, to detect any trace of the formation of crystals of that mineral 
in this part of the core. 

From these facts, then, it seems not unfair to conclude that in the upper part of 
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the core the rise in the proportion of the magnesium carbonate may be entirely due 
to the leaching out of the calcium carbonate. 

If this conclusion be accepted as a correct one, we have probably an indication 
of the limits of the variation in the proportions of the two carbonates which can be 
brought about, by the leach ing-out process, in materials of this kind. As more and 
more of the calcium carbonate is removed, the remaining mass must lose its cohesion, 
form, and minute structure, and after a certain limit has been passed only a small 
quantity of amorphous material will be left behind. 

From the examples of the Litkothamnion cited by Hogbom and the study of the 
upper portion of the Funafuti cores, we are probably justified in concluding that the 
enrichment of a mass of mixed carbonates with the magnesium salt may go on to the 
extent of 14 to 16 per cent, at least — without, on the one hand, the introduction of 
magnesium salts from without, or, on the other hand, the entire obliteration of the 
organic structure of the mass. From a depth of 50 feet to one of 637 feet, in the 
boring, the percentage of magnesium carbonate varies within small limits 
(1 to 5 per cent.). These small differences may not imi)robab]y be due to the varying 
proportion of organisms which differ in their susceptibility to the leaching-out process. 
At all events, all the changes in the percentage of the magnesium carbonate may l^e 
easily accounted for in this way. 

It is to be noticed, moreover, that tlirough a considerable portion of this descent, 
from 50 to 637 feet, the material available for analysis consisted only of the com- 
minuted fragments, largely made up of remains of foraminifera, washed out of the 
l)ore-hole, like sand, during the operation of the diamond-drill. It is doubtful how 
far the analyses of this comminuted material can be taken as representing the 
composition of the whole rock passed through. It is not improbable that the parts 
in which most solvent action had taken place had been reduced to a more friable 
condition, and these portions, especially rich in the magnesium carlx>nate, would be 
carried awav in a verv finely-divided state. 

But, at a depth of 637 feet, we begin to meet with (juite new conditions. Instead 
of an extremely cavernous {ind friable rock, which, bv the action of the diamond- 
drill, is reduced to a more or less coarse powder, we get a white, chalky -looking 
material, which is brought up in fairly solid cores, and is found to contain a high 
percentage of magnesium carbonate. This proportion rises rapidly, till at 660 feet it 
reaches the lunit of 40 per cent. 

Under the microscope, however, this rock, which has undergone such profound 
chemical and mineralogical change, is found to consist of precisely the same organisms 
as those found in the lower portions of the core. Ilalimeda and Lithothamnion 
are very abundant, and the wsual species of foraminifera and corals everywhere 
occur in the rock. At a depth of about 763 feet this soft, friable rock passes 
gradually into one of considerable hardness and density, but from time to time there 
is a recurrence to the softer and more friable type. In this part of the core we find 
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that, not only are many of the organisms reduced to the condition of casts, but that 
in the hollow spaces of the rock, new chemical deposits, encrusting the sides of 
hollow spaces, and sometimes filling them up, have been formed. 

In seeking to account for the pseudomorphic changes which have taken place in 
this coral-rock, it is obvious that we are limited to one of three hypotheses, or to a 
combination of two or more of them. These are as follows : — 

(a) The solution of calcium carbonate at a gi*eater rate than of the magnesium 
carbonate, by which the percentage of the latter salt will gradually rise. 

(6) The introduction of magnesimn carbonate from without, filling up the cavities 
of the rock, or entering into combination with the calcium carbonate, so as to 
produce a double salt. 

(c) An interchange of the two bases between the rock and the surrounding 
sea-water, whereby a portion of the calcium in the carbonate passed into solution 
and is replaced by magnesium, thus tending to form the double salt of dolomite at 
the expense of calcite or aragonite. 

We have already considered the first of these alternative hypotheses, and have 
shown that there is good gi-ound for concluding that a process of leaching out of 
calcium carbonate does go on in the waters of the ocean, especially in the case of 
certain classes of organisms, and under particular conditions. But we have also seen 
that there is a probable limit beyond which this action cannot go oil without entirely 
destroying, or rendering unrecognisable, the organic or other structures in the mass. 
We have suggested that this limit may probably be nearly reached when the 
percentage of magnesium carbonate has been raised from 1 to 1 4 or 16 per cent. 

It is clear then that we must look to another cause to explain the much greater rise 
in the proportion of magnesium carbonate which takes place in the lower portions of 
the core (637-1114 feet) up to 40 per cent, and upwards. Without affirming that 
a direct deposition of magnesium carbonate from sea water is not possible, most 
chemists will be disposed to regard it as more probable that a portion of the 
calcium in the calcium carbonate has been gradually replaced by magnesium. 

What are the exact conditions under which these interesting chemical changes 
take place is a problem of great interest, but at the same time one of which it is 
very difficult to suggest a satisfactory solution. I have consulted Dr. Sorby, who 
has for so many years directed his studies to this and similar questions. He has 
been good enough to examine a series of slides from the different cores, and has 
wi'itten a note on the subject.* 

At the same time I have arranged that Dr. Cullis, following the methods so 
admirably inaugurated by Dr. Sorby, t and aided by modern methods of micro- 
chemical analysis, should make a very thorough and detailed study of all the cores 

♦ See Section XIII (p. 390). 

t * Quart. Journ. Geol. Soc, Proc* (Anniversary Address for 1879), vol. 35, pp. 46-92. 
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from top to bottom, and the results of this investigation are also added in a separate 
report.*^*' 

There is one class of processes, with which geologists are very familiar, as taking 
place very slowly but very certainly in great rock masses that are permeated and 
traversed by weak solvents, the action vaguely referred to as " segi'egation." 

Nothing is more certain than the conclusion that rocks which contain minute 
quantities of silica, iron disulphide, or the iron, calcium or magnesium carbonates, 
diffused through their mass, may have those materials collected into nodules and 
sometimes into masses of considerable size, by this "segregative" action. In many, 
perhaps in all cases, the centres of this segregative action are determined by the 
presence, in tlie first instance, of a somewhat higher percentage of the particular 
substance at certain spots. Thus, in the chalk, which consists of a mass of calcareous 
organisms, plant and animal, through which were diffused, at first, a number of 
skeletons of the organisms that secrete colloid silica — sponge spicules, radiolarian 
skeletons, and diatomaceous frustules — the colloid silica passes into solution, and 
appears to be attracted to those portions of the mass in which an abnormally high 
portion of silica happens to be present, as in the remains of siliceous sponges. In 
this way the nodular masses of flint are formed, the nodules growing irregularly till 
all the free silica has been absorbed into them. This silica replaces the calcium 
carbonate at the spots where it is collected, pseudomorphs in colloid silica being 
formed of the Globiyeruut and other calcareous skeletons which make up the chalk, 
and the interspaces filled up with the same colloid silica. Ultimately the colloid 
silica tends to pass into the more stable crystalline form (quartz) and we thus obtain 
that form of chalcedony — composed of mixtures in varying proportions of quartz and 
opal (colloid silica) — which we call flint. 

Precisely similar changes take place in sandstones, clays, limestones, &c., in which 
are diffused small quantities of iron disulphide, and the various carbonates or 
other mineral substances. A concentration of the material begins, usually, around 
some fossil, and this goes on till the whole organism is mineralised and is afterwards 
continued till a nodule, completely enveloping it, is formed. 

We have seen that the leaching-out process in organic structures containing the 
two carbonates, consequent upon the greater solubility of the calcium carbonate, as 
compared witli the magnesium carbonate, is continually going on in the waters of the 
ocean. In this way a material is formed in which the percentage of magnesium 
carbonate may rise up to 16 per cent, or possibly more. Now this mass in a coral -^ 

reef is everywhere permeated and acted upon by sea-water, containing a very notable 
proportion of magnesium, principally in the condition of chlorides and sulphates. 
May not these materials, enriched by the magnesium carbonate, exercise an attractive 
action on the magnesium salts of the ocean waters, giving rise to double decomposition 
and the gradual replacement of a part of the calcium in the carbonates by magnesium ? 

• See Section XIV (p. 392). 
3 I) 2 



/ 



388 PROFESSOR J. W. JUDD. 



If this be the ex})lanatioii of the dolomitisation of coral-reef rocks, there is still 
much that demands investigation. As shown by the study of the Funafuti materials, 
and by the various rocks collected from numerous upraised reefs by Sir John Murray, 
Professor A. Agassiz, and Professor T. E. David m the Indian and Pacific Oceans, 
the dolomitisation of rocks is by no means constant or uniform in its action. While 
. certain portions of a reef may contain a high percentage of magnesium carbonate, 

C i^^^^)\j.£^i I other parts of the same reef may be almost free fi*om that salt, and the reasons why 

I ^ ^ ^Tyl/^ \ some parts of the mass are almost completely dolomitised, while other parts remain 

MkIt U ol^^> chemically unchanged, is by no means obvious. 

J vViv\ * / We have seen that down to the depth of 637 feet the degree of enrichment of the 

6^^ l^^ rock by magnesium carbonate may be probably ascribed to the leaching out of calcium 

carbonate. In this part of the core we have no examples of the formation of crystals 

of dolomite in the mass. But in the lower part of the boring the formation of 

'' dolomite crystals throughout the mass has gone on to a greater or less extent, either 

at the expense of the calcite of the original organisms or of the deposits of that 
substance as mud or crystals within and around the organisms. 

It by no means follows that, because the dolomite crystals are only found at 
considerable depth, the action to whicli the formation of those crystals was due 
took place only at this depth. The action may possibly have taken place at or 
near the surface, and the rock have subsided after its alteration. At the same time, 
it may be noted that all the rocks now at short distances from the surface in Funafiiti 
show no dolomite crystals, and contain only such an amount of magnesium carbonate 
as may be accounted for by the leaching-out process. 

The different proportions of magnesium carbonate which occur in this lower part 
of the boring, may evidently be accounted for in many cases by the varying amount 
of calcite organisms (foraminifera, &c.) which do not lend themselves readily to the 
leaching-out process, and of algce, conds, &c., which are probably much more susceptible 
to this action. It is doubtful, however, whether the very considerable falling-off in 
the percentage of magnesium carbonate between 819 and 875 feet, and between 1050 
and 1097 feet, can be altogether accounted for in this way. 

It is very noteworthy that, high as the percentage of magnesium carlx)iiate rises — 
up to and even beyond 40 per cent. — it never reaches the limit of nearly 46 per cent, 
required for the conversion of the whole mass into the double carbonate. This limit is 
represented by the dotted line in the diagi-ammatic section (iig. 23, pp. 364-5). The 
jiighest percentage of magnesium carlx)nate (43 per cent.) was found at a depth of 
950 feet. It has been suggested to me by Professor Armstrong that })ossibly there 
may exist resting limits in this replacement of one base by another in the mixed 
carbonates, more stable points being reached from time to time. On the other hand, 
the resistance which some calcite organisms appear to ofter to chemical change may 
account for the result — there being, apparently, almost always some remains of 
unaltered organisms. It is noteworthy that, among the rocks of the earth's crust, 
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perfect dolomites are much rarer than '' magnesian limestones," or rocks In which 
the proportion of magnesium carbonate present is insufficient for the conversion 
of the whole rock into the double salt. 

From what has been said, it will l)e apparent that, while the investigations that 
have been carried on upon the materials obtained in the vertical borings of Funafuti 
and also on sjjecimens ol)tained from upraised reefs in the Indian and Pacific Oceans, 
show that the dolomitisation of coral reef-rock, first demonstrated by the researches 
of Dana and Silmman, really takes place sporadically over very wide areas, the 
exact conditions uiuhn* which the operations occiu* still call for careful investigation 
both by observation and ex])eriment. 

Tlie separation of the two carbonates from sea- water, to form double salts, may be 
possibly determined by complex relations, like those which van't Hoff and his 
pupils have shown to govern the separation of the various sidts which form the 
Stassfurt deposits. It is satisfactory to know that this problem, as it affects the two 
carbonates, is now engaging the attention of a chemist, Dr. E. F. Armstrong, 
who has already had considerable experience in this field of inquiry. 
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THE MINEUALOOICAL CHANGES OBSERVED IN THE CORES OF THE 
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1. Introduction. 

The minerals which occur as the recognisable constituents of the Funafuti cores are 
calcite, aragonite and dolomite. 

The small amount of calcium phosphate, which analysis shows to be present in all 
parts of the lx)ring, is probably included within these, as an invisible impurity ; it 
has not been detected as a distinct mineral. The possibility of the occurrence of 
nuignesite, in certain of the rocks, has not been overlooked, but no evidence that 
magnesium carbonate exists in them, otherwise than in combination witli calcium 
carlx)nate, has presented itself 

The discrimination l)etween calcite, aragonite and dolomite, in thin sections of the 
rocks of modern coral reefs, which consist so largely of fresh calcareous organisms, 
and in which such crystals as occur are generally of microscopic dimensions, is not 
always a simple matter ; it is most readily efiected by micro- chemical methods. Of 
these there are two which are of special value, and w^iich have been used with the 
most satisfactory results in the present investigation. The first is that of Meigen,* 
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by means of which aragonite, if present in a section, is stained, while calcite and 
dolomite remain unstained. The second is that of Lemberg,* by which calcite and 
aragonite are stained, while dolomite remains unstained. The former method serves 
for the differentiation of aragonite from calcite and dolomite ; the latter for that of 
dolomite from calcite and aragonite (see Plate F). 

The value of these two tests is increased by the fact that they provide a simple and 
trustworthy means of determining the mineralogical nature, not only of the well-crystal- 
lised inorganic portions of the rocks, but also of the original calcareous organisms. 
Concerning the organisms of tlie Funafiiti reef — as exemplified in the rocks of the 
boring — the tests have given the following results. Those composed of aragonite, 
are the calcareous alga Flalimeda, the Madreporarian corals, the alcyonarian genus 
Heliop(y>'a, the hydrocorallines, the majority of the mollusca, and the minute spicules 
of tunicates. The rest are of calcite, and comprise the calcareous algae Litho- 
thamnion and Lithophyllum, the foraminifera, the polyzoa, the echinodermata, and the 
spicules of alcyonaria. These results, so far as they go, are in agreement with those 
obtained in the first instance by Dr. H. C. SoRBY,t and by numerous investigators 
later. 

The calcite and aragonite of which the various organisms are composed may be 
spoken of as primary calcite and aragonite ; that which makes its appearances in the 
rocks after their accumulation will be referred to as secondary calcite and aragonite. 
No such distinction is necessary in the case of the dolomite, since it is always of 
secondary origin. 

The distribution of these three minerals in the boring is noteworthy. Aragonite is 
confined to the upper cores, and dolomite to the lower, while calcite, which is the sole 
constituent of the middle cores, is also found above and below, in association with 
aragonite on the one hand and dolomite on the other. Dolomite is not encountered 
in a clearly individualised form, until a depth of between 637 and 638 feet has been 
reached ; below this it continues, in varying amounts, to the bottom of the boring. 
It may be merely a coincidence, or it may be a fact of special significance, that in none 
of the cores has aragonite been found in association with dolomite. 

2. The Mineralogical Characters of the Rocks occurring between 

THE Surface and the Depth of 637 Feet. 

The rocks included within these limits are limestones, which contain, as a rule, 
only a small proportion of magnesium carbonate ; but within the first 50 feet they 
carry a higher proportion than usual of this constituent, which attains a maximum 
of 16 per cent, at the depth of 25 feet. From that point, both upwards and down- 
wards, the percentage of magnesium carbonate decreases, till it reaches itfe normal 

* * Zeitsch. Deutsch. Geol. Gesellsch.,' 1888, vol. 40, p. 357. 

t Presidential Address, * Quart. Journ. Geol. Soc.,' 1879, vol. 35, Proc. pp. 58—66. 
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small proportion at the surface, on the one hand, and at the depth of about 50 feet, 
on the other. 

This rise in the proportion of magnesium carbonate in the first 50 feet of the boring 
was ascertained by chemical means. It could not have been discovered by means of 
the microscope ; unstained sections show nothing that can be identified as dolomite, 
while sections treated with Lemberg's solution stain uniformly, as they would if 
composed of calcium carbonate only. Well-defined dolomite is not present in 
these rocks ; although magnesium carbonate has been introduced into them in con- 
siderable amount, it has, so far, failed to cause the molecular rearrangements necessary 
for the formation of the crystallised mineral. The horizon is one of interest and 
importance, inasmuch as it affords evidence that partial dolomitisation, at least, may 
be effected at no greater depth than 25 feet from the surface of the sea, and that 
magnesium carbonate may enter into the constitution of the rocks of coral-reefs, to 
the extent of 16 per cent., without causing the formation of individualised dolomite. 

The rocks of the first few feet of the boring consist only of the original organisms 
of calcite and aragonite, and the products of their wear and tear, but limestones of 
this simple original character constitute but a small proportion of the rocks of the 
boring, and include only those quite recently deposited. As the cores are examined 
in descending order, various secondary characters make their ap])earance owing to 
the addition of new matter to the rocks, or the modification, in various ways, of that 
of which they were primarily composed. Of these changes, three, which are the 
most important to be observed in the first 637 feet of the boring, will be briefly 
described : — 

a. The deposition of secondary calcite and aragonite from solution. 
h. The crystallisation of the finely-divided calcareous detritus, 
c. The disappearance of aragonite. 

a. The Dejyosition of Secondary Calcite and Aragonite from Solution, 

In the most recent rocks of the boring, a large proportion of the interspaces 
between the various organisms (and a still larger proportion of those within them) are 
seen to be quite empty ; but as successively deeper cores are examined, these empty 
cavities are observed to be the sites of deposition of secondary calcite and aragonite. 

Of these two minerals, calcite is the one which is deposited more frequently and in 
greater relative amount. Normally, it would seem, calcite is deposited upon calcite 
organisms, and aragonite upon aragonite organisms ; but this is not invariably the 
case, for not only is calcite found in all cavities bounded by calcite organisms, but it is 
also found in a considerable proportion of those bounded by aragonite organisms. 
Aragonite, on the other hand, is never deposited upon organisms of calcite, and only 
upon those of aragonite which are composed of well-marked crystalline elements, these 
elements seeming to exercise a determining influenge upon the calcium carbonate being 
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thrown down from solution, and to cause it to be deposited in a molecular form 
identical with their own. Moreover, it is only upon such surfaces of these organisms 
as are clean that the de]H>siti<tn of aragonite takes place, the intervention of the 
thinnest film of mud being sufficient to destroy the Influence of the organic fibres, 
and to cause the jirecipitation of the more readily formed calcite. This is probably 
the reason why the secondary aragonite deposited from solution is practically confined 
to the cavities within the organisms, and is rarely, if ever, found upon the limiting 
surfaces of the intei-spaces between them. 




Transverso section of llfliajxnn, showing the Corat showing conimGncement of deposition of 

deposition of secondary amgonite in coHtintiity aragonite in empty cav-itios. Tbo "dark line" 

with the primary aragonite of the coral. in the coral substance is well seen, but its pre- 

servation at this depth is soniewbat unusual. 

As a rule, the deposits of secondary calcite and aragonite show a marked relation 
to the structural elements of the organisms which they invest. The crystals of 
aragonite are invariably deposited in continuity with the fibres of aragonite organisms 
{figs. 24, 25, 26, 29, 52, &c.), while those of calcite are generally, but not always, 
contiimations of the elements of calcite organisms (%«. 30, 39, 40). When calcite is 
deixisited upon an aragonite organism, it need hardly l>e stated, no such crystalline 
continuity is established {fig. 29). 

It will be gathered from what has just been stvid, that whereas aragonite is 
deposited in one tbrni only, calcite is not. The calcite deposits are, in fact, of two 
markedly different types. The first of these, which will be referred to as the fibrous 
encrusting deposit, consists of densely packed miimte prisnmtic elements, which are so 
arranged as to impart to it a fibrous structure (figs. 26, 27, 28, 53 ; Plate F, figs. 1, 2). 
It often exhibits a concentric structure also, due to differences in the nature of its 
successive layers ; the darker layers owe their inferior transparency to the presence of 
3 E 2 
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Fig. 26.- 



fine calcareous " mud," which is absent from those that are perfectly clear, and which 
must have been intermittently present in the waters from which the de])osit was 

precipitated. lu no case are the elements 
of this fibrous depo.sit disposed in continuity 
with the structural elements of the 
organisms invested ; it is aw though their 
deposition had proceeded too rapidly for 
the necessary molecular adjustments to be 
made. 

The distribution of this type of deposit 
is remarkable. In the first of the borings 
made under the direction of Professor 
SoLLAS, it has been detected at various 
points between 30 and 80 feet ; in the 
second at a number of depths from about 
20 feet down to the bottom of the boring 
(72 feet). In the Main Boring it occurs, 
and is abundant between the depths ot 
20 and 30 feet, and is also seen in small 
amount for a little distance above and 
below these limits. In other words it 
occurs at that horizon, in this upper part 
of the boring, at which tlie proportion of 
magnesium carbonate is unusually high. 
A similar, if not identical deposit is 
conspicuous in the rocics of the lowest 
300 feet of the boring (figs. 44, 45, 46, 48, 49, 67, 68, 69, and Plate F, figs. 4, 5, 6), 
rocks again in which the proportion of magnesium carbonate Is high. 

The other type of secondary calcite consists of crystals which, though actually of 
small dimensions, are usually relatively large and well developed compared witli those 
of the fibrous deposit. They are clear and transparent, and tlieir apices, which pixjject 
into the cavities which they line, often exhibit well-defined crystal faces (figs. 29, 33, 
36) ; moreover, whenever they invest a calcite organism which possesses a marked 
crystalline texture, they are disposed in optical continuity with its structural elements 
(figa 30, 39, 40 ; Plate F, figs. 3, 4). This more perfectly crystallised type of secondary 
calcite, the characters of which suggest that it may have heen formed more slowly 
than the fibrous type, is abundant in the boring from below 30 feet down to 637 feet, 
and occm's occasionally also at greater depths. 

These various deposits of secondary calcite and aragonite furnish a crystalline 
cementing material by which the original organisms and organic fragments of the 
rock are bound together, and the cavities, within and between them, more or less 
completely filled up. 



■MainBoring. Core 13. Depth 1 0-20 feet. 
X 100. 

Coral with cavities containing calcite and arago- 
nite. The cavities on the left are fillecl with 
secondary aragonite, the crystals of which are 
continuous with the adjacent coral fibres. The 
cavities which are only partially filled contain 
secondary calcite of the fibrous encruating 
type, the elements of which, in all cases, spring 
perpendicularly from the cavity walls. 
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Fig. 27.— First Boring {Sor,LA.s). Depth 3 



feet. 



"Coral-reef sand " cemented by fibrous encniHting 
calcite. The minute prismatic elementa of the 
deposit are not disposed in cryslullirie con- 
tinuity with the calcite organisms. Compare, 
the investments of the urchin-spines in this 
figure and in fig. 30. 



Fig. 28.— Main Boring. Core 36. Depth 30-40 foot. 
X 100. 

Material intermediate in character between the 
coarser fragmentai accumulations, which contain 
a large proportion of complete organisms, and 
the finest detritus. The fragments are cemented 
by fibrous encrusting calcite. 




Fig. 29.— Main Boring. Corelll. Depth 
X 100. 

Coral showing cavities containing secondary ara- 
gonite and calcite. Only one cavity contains 
calcite, which is of a different type to the fibrous 
encrusting calcite of figs. 26, 27, and 28, being 
much more perfectly crystallised. The other 
cavities contain aragonite deposited in con- 
tinuity with the fibree of the coral. 



Fig. 30.— Main Boring. Core 183. Depth 210- 

220 feet, x 100. 
The deposition of secondary calcite in crystalline 

continuity with that of the calcite organisms. 

Compare the urchin-spine and its investment 

with those in figs. 27 and 49. 
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6. The Crystallisation of the. Fine. Calcareous Detritus. 

Deposition from solution is not the only process by which secondary caleite and 
aragonite are formed. Another change is observed as the cores are studied in 
descending order which also results in the furiuation of these minerals. This is not, 
however, one which affects the empty spaces of the rock, but those which contain 
finely divided calcareous detritus. 

If a section, taken from the first two or three feet of the boring, be examined under 
the microscope, the a)ntent8 of these cavities are seen to lie quite fresh and unaltered ; 

viewed by transmitted light they appear 
as dark, more or less opaque areas, owing to 
their finely comminuted condition (fig. 31). 
But in sections from deeper cores some of 
them are seen to become more or less 
transparent, owing to incipient crystallisa- 
tion. The resulting clarification is at first 
local (fig. 32), showing that crystallisation 
commences at a immber of points simul- 
taneously, but by the extension of crystal 
growth from these starting points it 
eventually affects the whole cavity, which, 
with its crystallised contents, now closely 
resembles those which have been completely 
filled by deposition from solution {fig. 55). 
Indeed, in coi-es from some little way down 
it is not always easy to say by which of 
ally " mud "-filled cavitiea. The subetance of these two processes the crystalline contents 
the coral and the "mud" were traversed by ^^ ^^^ particular cavity may have 

^""^3f'".\*?'^'?*^,.';r'"* '"•:;*: originated. Generally, however, the pro- 

quently filled with "mud," whicli has resisted » ,.../., i ■ 

crvHtallisation ducts of Crystallisation or calcareous detritus 

are less transparent than those of deposition 

from solution, owing to the presence of minute particles which have remained 

uiicrystallised ; often, too, they may be distinguished by the presence of the 

unobliterated tube-like structures of lK»ring organisms (fig. 31). 

In the process of " mud " crystallisation, as in that of deposition from solution, the 
crystals formed, whether of caleite or of aragonite, sometimes exhibit an arrangement 
in continuity with the elements of the adjacent organisms. " Mud " lying within, or 
between, aragonite orgiuiisms, Ijecomes converted into crystals of aragonite, each of 
which is continuous with an organic fibre (figs. 32, 35, 37, 54), while that occurring 
within or Ijetween caleite organisms is changed into crystals of caleite, often similarly 
disposed. 




Fig 31 



-MainBonng Core 9 
X 100 



Depth 70-80 feet 



Coral showing the crystallised contents of origin- 
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This phenomenon is seen only when the organisms possess a well-marked crystalline 
structure. When they do not, the product of crystallisation is usually an aggreijate 
of granular calcite, the elements of which rarely show any marked relation to those 
of the contiguous organisms (figs. 33, 37). 




Fig. 32.— Main Boring. Core 105. Depth 90-100 



Coral ehnwiiig fine calcareous detritus in proceea 
of conversion into aragonite. 



Fig. 33.— Main Boring. CoreHl. Depth 1 60 feet.' 
X 100. 

Fine interstitial calcareous detritus in process of 
conversion into calcite. Some of the calcite has 
also been contributed by deposition from solu- 



But although examples ot perfectly crystallised " mud" are frequently seen in the 
sections, the actual proportion of it which undergoes complete clarification is quite 
small. Much of it is found, even in the deepest parts of the horing, almost as fresh 
in appearance as that which has been but recently deposited. In reality this has 
undergone crystallisation, but the granular elements into which it has been transformed 
are so exceedingly small that a casual inspection gives the impression that it is quite 
unchanged. The crystallisation of the fine detritus in this imperfect manner is one 
of the very first of the changes that take place in the rocks ; its more perfect 
crystallisation must l»e regarded as somewhat exceptional. 

Before dismissing the subject of the fine detrital matter, it will be convenient to 
mention here that it is not all contemporaneous — using that term in a bixwid sense— 
with the rocks in which it occurs. Some of it, on the contrary, is of subsequent 
origin, having made its way into the rocks after the lapse of a longer or shorter period 
during which the cavities had become lined with crystals deposited ft-om solution 
(figs. 34, 46). Moreover, the cavities which arise in the rocks by the removal of 
organisms in solution are frequently seen to contain fine calcareous material, which 
must obviously be of comparatively late introduction into the mass (fig. G5). This, 
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Yin. 34. 



37M ffict. 



which may lie c»IWl «:^>ri<lary " mud," in tutnanr eamly i]i.<ftingiilshed from the tmlv 
ViuiMm\titrAn(7'tVH (primary) "mud" hy \tn mode of occurrence and by certain 
j»«niliariti»r« in it» texture (fig, 34), 

Til*! c^fFi version of thft fine calcareous detritus into secondary- aragonite and 
calcite, t^igether with the deposition of 
rfl3C-5if3g^)*»5^ secon'lary aragonite and calcite, which has 

already J>een descriljed, cause the rocks to 
tx:come gradually more and more crj-stal- 
^MsXJfd^fi^^9:^^^^^^ ■ -,;^^ line in character as the lx»rin<; is descended. 

(c) The Digappeamnce of Aragonite. 

Yr<tm the surface down to a depth of 
about 100 feet the cores are largely com- 
pc«ed of well-jtreserved aragonite, but near 
this depth signs begin to ap|»ear of changes, 
which ultimately lead to the cfjmplete dis- 
appearance of this mineral. The processes 
Itejjth .373- by which this result is brought about are 
two, the ci")nversion of aragonite into 
calcite, and the removal of aragonite by 
solution. The former process will be con- 
sidered first. 

The earliest sign of this approaching 
change is the cessation of the deposition of 
secondary aragonite in cavities ahready 
partly filled with it, and the depcwitiou of 
fidlcitt! instead (figs. 35, 36, 5fi). The calcite is seen to occupy the more central 
]>ortion of the cavities, and rests upon and encloses the apices of the aragonite crystals 
in such a manner ns to leave no doubt that it is a product of deposition and not of 
the coiivftr-sion of pre-existing aragonite. The direct deposition of calcite upon the 
secondary aragonite, in this niiuiiier, points to the supervention of conditions which 
wore no longer suitable f()r the ju-ecipitation of calcium carbonate as aragonite ; such 
as continued to 1m) thrown down Iwing deposited us calcite. This condition is 
immodiiitnly lollowod by the breaking down of the secondary aragonite, and its 
rticrystaliisiition as calcite, with the result that the cavities now contain the latter 
niiiHiral <nily. Hut (or Ji time the primary aragonite of the orgiinisms withstands this 
conviTsioii. Kvfintually, however, it also is attacked, and passes over into calcite. 

'V\w recrystallisation ()f the aragonite organisms results in the complete loss of that 
organic toxturo whicli was originally characteristic of them, only the bolder features of 
form and struuturc Kmig jiresurvcd, and it is by these alone that they can be identified. 



"(jifrnX-revi nari']" with iritnrHtitJAl iifw.-eN con- 
tftinin^ [jrimary " luiid," cryNtftlline calcite, and 
(KWindary " m\v\." The primary " miid "—to the 
rif^ht rif thn central or^niitm— is Mcn to come 
inttj dirtict conlw.'t with the orguniiimii ; but the 
meinuUry " mml " is ftoparatwl from thorn by a 
Inyor of dejHiiitotI cryxtalii. 



MINERALOGICAL CHANGES OBSKRVED IN CORES OF FUNAFUTI BORINGS. 401 

This loss of organic texture and conversion into calcite Is a gradual process, the 
various stages of wliich may 1)6 followed particularly well in thin sections of the corals. 
The first indication of loss of organic texture in the coral is the disappearance of the 
" dark line," a series of comparatively dense and opaque centres from which the 
component fibres of the coral substance radiata In a perfectly fresh coral these form 
a very conspicuous dark moniliform line, occupying the middle of the coral wall, hut, 
as lower and lower cores are examined, this line becomes less and less distinct and 
presently disappears. The next stage is the gradual obliteration of the fibres 




Fig. 35. 



I Boring. Core 105. Depth 90- 
lOOfeot. X 100. 



Coral ahowing cavities completely filled with 
secondary cryatala depoaited from solution, and 
others containing calcareous detritus in process 
of crystallisation. Of the former cavities, two 
contain aragonite only, the third, calcite in 
addition. 



Fig. 36.— Main Boring. CoreUl. Depth 103 feet. 
X 200. 

Coral surrounded by a fringe of secondary arago- 
nite, which is in turn invested by a more or leas 
continuous layer of calcite crystals. The pris- 
matic cryatala of aragonite ahow no aigna of 
conversion into calcite. The calcite outside 
them represents the latest product of deposition 
from solution : the formation of aragonite has 
been superseded by that of calcite. 



themselves. Yet later, the substance of the coral is seen to be broken up by a 
number of sinuous lines into a granular mosaic ; but, for a while, both the granular 
structure and something of the fibrous character may be discerned (figs. 37, 57). 
Finally all traces of the fibres disappear, and the mass becomes an aggregate of 
irregularly rounded and mutually interfering grains of calcite (figs. 37, 38, 58). 
The secondary aragonite of the cavities has already undergone a similar change, so 
that now the whole mass, coral substance and crystal-filled cavities alike, is composed 
of granular calcite. The only respect in which the granular aggregate, resulting 
from the conversion of the coral substance into calcite, may be distinguished from that 
3 F 
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resulting from the recrystalliaation of the aragonite of the cavities, is that the former 
is less transparent than the latter, and still retains something of the yellowish or 
brownish tint, which is so pronounced in sections of fi^sh coral, whereas the latter 
is perfectly colourless (figs. 38, 57, 58). Ultimately, though at a lower level, even 
this difference disappears, and it is then often quite impossible to say of a mass that is 
evidently altered coral, which part is altered coral substance, and which the crystallised 
contents of the cavities. 

Fortunately a very considerable proiK>rtion of the organisms which have undergone 




Fig. 37.— Main Boring. Core H5. Depth 170- 

180 feet. X 100. 

Coral showing various stages in the conversion of 
aragonite into calcite. The least altered part of 
the coral is a fragment occurring embedded in 
dense " mud " in the left lower quadrant of the 
field ; the most altered occurs in the right lower 
quadrant, where it has been completely con- 
verted into granular calcite. The calcite of the 
cavities is clearer than that of the coral sub- 
stance. Two of the cavities contain " mud," 
which biis in one case been partially converted 
into crystalline aragonite, and in the other into 
crystalline calcite. 



Fig 38 —Main Bonng Core WS Depth 6 
612 feet x 100 

Coral completely converted into calcite The 
calcite of the cavities is water-elear that of the 
coral substance somewhat opaque. 



recrystallisation, whether they be corals or not, are seen in section to be bounded 
peripherally by a narrow dark band or line, which defines their original fonn and thus 
causes their general outline to Ije still discernible (figs. 62, 63, 64, 68, G9). This dark 
line probably results from the presence, upon the surface of the original organisms and 
fragments, of a thin film of finely-divided detritus, which has not crystallised, or has 
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done so only imperfectly.* It is of great service in the microscopic examination of the 
rocks of coral reefs in which crystallisation of the organisms has occurred. But for 
its presence the identification of the original constitution of many such rocks 
would be quite impossible ; but revealing, as it does, the shape of the various 
constituent lx)dies of which the mass was, in the first place, composed, this becomes in 
many cases a matter of no great difficulty. It is obviously of greatest use in those 
rocks wliich have undergone the most extreme crystallisation, and in which, as a 
consequence, the jirimary characters have been most completely obscured. 

The second of the two processes by which aragonite disappears from the boring, 
namely, its disintegration and removal in solution, is one that produces results which 
are not only appreciable under the microscope, but are also obvious in the cores when 
examined with the naked eye. It is expressed first by the appearance, in the substance 
of the aragonite organisms, of numerous small and irregular holes, which impart 
a porous or spongy character to it (fig. 59). Later, these holes are seen to become 
gradually larger, and eventually an empty cavity, retaining merely the form of the 
original organism, alone remains. These empty spaces render the cores highly 
cavernous, and light in weight ; many of them, which were formerly occupied by coral, 
show an interesting phenomenon which will be briefly described, since it explains the 
peculiar mode of preservation of the corals in certain parts of the boring. If a 
section be cut of a rock containing a mass of coral more or less surrounded by 
fine calcareous detritus, the peripheral cavities of the coral, which are in 
communication with the exterior, are seen to be '' mud " filled, while those which, 
because of their more internal position, are inaccessible to suspended matter, are 
either empty, or contain crystals of secondary aragonite deposited from solution. 
When such a mass is attacked by solvent action, the whole of the aragonite, both 
primary and secondary, is dissolved out, but the " mud " of the peripheral cavities, 
consisting, as it does, of calcite, remains unaflfected. The result is that an empty 
space is produced, from the walls of which casts in " mud '' project inwards for a 
certain distance, forming reversed presentations of the form of the external parts of 
the coral (fig. 60). This, which may be spoken of as the phenomenon of reversal, is 
of very common occurrence in the boring, and especially in its lowest portions. 

It has already been stated that the disappearance of ai'agonite begins at about 
100 feet down in the boring. As the cores from below this depth are examined 
in descending order, it is seen to proceed more and more rapidly. At a depth of 
150 feet or so practically all aragonite is gone, only occasional patches of the mineral 
in an advanced state of recrystallisation, or of disintegration, being encountered at 
greater depths, and none, up to the present, having been detected at depths exceeding 
220 feet. 

Below this depth, therefore, and so long as the rocks consist essentially of calcium 

* Skeats: *Bu11. Mus. Comp. Zool. (Harvard),' vol. 42, June, 1903, pp. 109, 110. 
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magnesium carbonate. The rise in the proportion of this constituent is therefore very 
sudden ; but it is probably not quite so abrupt as these facts would imply, for 
number of small fragments, the precise position of which, in the boring, is uncertain 
but which are known to belong hereabouts, and most likely come from l)etween the 
two cores in question, have given intermediate values. Sections of these fragments 
show some to consist of calcite only, others of calcite and dolomite. One of the 
former kind was analysed by Dr. Skeats, and gave 3*82 per cent, of magnesium 
carbonate, while of three of the latter kind, two gave 11*67 per cent, and 16*21 per 
cent, respectively, and the third 2972 per cent. 

The cores following below that in which dolomite is first seen show a gradual 
increase in the proportion of magnesium carbonate, until a maximum of 40 per cent, 
or thereabouts is reached, at a depth of 650 feet. 

When sections cut from a number of these cores are examined in descending order, 
this increase is seen to be represented by the gradual growth and extension of the 
areas composed of dolomite at the expense of those of calcite. So long as the 
proportion of magnesium carbonate falls short of its maximum, areas of unaffected 
calcite may still be discovered, but, as the maximum is approached, such areas become 
smaller and less numerous, and by the time it has been actually attained they have 
all disappeared, calcite having everywhere given place to dolomite. It is interesting 
to trace the various stages by which this progressive dolomitisation is effected. 
Sections taken from the depth of 637 feet consist entirely of calcite, partly of primary, 
partly of secondary origin. The rock here is very porous, and the interstices are 
lined with acute scalenohedral crystals of calcite, which are often disposed in 
continuity with the structural elements of the organisms by which the cavities are 
lined (fig. 39). In sections taken only a foot lower down dolomite is seen to be 
present as well as the primary and secondary calcite. The rock is less porous than 
that immediately above, the cavities being now in part occupied by crystals of 
dolomite which rest upon and enclose the projecting apices of the scalenohedra of 
secondary calcite (fig. 40 ; Plate F, fig. 3). If these dolomite crystals could be 
removed, the remainder would be essentially identical with the rock at 637 feet. It 
would appear, therefore, that the dolomite is, in part at least, an addition to the mass 
by direct deposition, and not always a substitution product for pre-existing calcite. 
As sections from successively deeper cores are examined, the lining of scalenohedral 
calcite, which intervenes between the unaltered organisms and the subsequently 
deposited dolomite, is seen to disappear by conversion into dolomite, which latter, by 
a process of inward invasion, ultimately comes into direct contact with the organisms 
themselves (Plate F, fig. 3), and the sites of aragonite organisms, which in the cores 
above are composed of secondary calcite, are also rapidly usurped by dolomite. At 
this stage the rock consists only of primary calcite and of dolomite, all secondary 
calcite having been changed into dolomite. It appears, therefore, that the secondary 
calcite of these rocks is more readily converted into dolomite than the primary calcite. 
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This fact is of interest, as an analogous difference in permanence may be observed in 
those parts of the boring where aragonite is altering to calcite ; it is the secondary 
aragonite which first undergoes the paramorphic change, the substance of the corals 
and other aragonite organisms preserving its integrity after the secondary aragonite 
of the cavities lias been converted into calcite. 

As still deeper cores are studied, the process of invasion by which the secondary 
calcite has been converted into dolomite is seen to attack the primary calcite of the 
organisms, with the ultimate result that they also become completely dolomitised. 
This change may or may not involve their re-crystallisation. When it does, the 




Fig. 41.— Main Boring. Core 342. Depth 
X 10. 

Showing tho characters of the "soft dolomite," as 
seen with low powers of the microscope. In 
many cases tho solid substance of the organisms 
has been entirely dissolved out, only the cells 
and tubules, filled with dolomitised " mud," 
remaining. In others a certain proportion of 
the organic substance has withstood tho solvent 
action, but has been converted into dolomite. 



Fig. 42.— Main Boring. Core 366. Depth 698 feet. 
X 200. 

A weli-crystallised portion of the " soft dolomite," 
highly magnified. The mass is mainly composed 
of groups and strings of minute rhombohedra of 
dolomite, which define in a general way the 
outlines and major structural features of the 
organisms which were the original constituents 
of tho rock. Hero and there, in the midst of the 
larger groups of crystals, fragments of unefiiaced 
organisms may still be recognised. 

result is occasionally the almost entire obliteration of them, but nmch more often it is 
the destruction of their minor features of texture and structure only {fig. 43), their 
major features of structure and form continuing to be more or less evident. When, 
on the other hand, dolomitisation does not involve recrystalllsation of the organisms, 
as is occasionally the case, their detailed structure may be preserved, and sometimes 
in a remarkably perfect manner. 

The increase of dolomite, at the expense of calcite, continues until none of the 
latter mineral remains. At the depth of 650 feet, or thereabouts, pra.ctically all 
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calcite has disappeared, and thence, to the depth of 820 feet, with the rare exception 
of an incompletely converted organism, nothing but dolomite can be identified in the 
cores. Throughout the whole of this 170 feet the composition of the rocks is 
remarkably uniform ; the proportion of magnesium carlx)nate is about 40 per cent., 
sometimes a little less, occasionally a little more, but in no part of the boring, either 
here or elsewhere, does it exceed 43 per cent. 

The proportion of magnesium carbonate in pure dolomite is 45*65 per cent. If 
40 per cent, be taken as the average amount of magnesium carbonate in these most 
highly dolomitic rocks of the boring, and that be considered to be combined with 
calcium carbonate in the proportions represented by the formula CaCOg.MgCOg, then 
they must contain an excess of uncombined and uncrystallised calcium carbonate 
amounting to 13 per cent, or so. This may be included in the dolomite as an 
invisible impurity, but possibly it is this material which, in the condition of minute 
particles, renders a large proportion of the dolomite crystals more or less opaque, 
and often causes that zoned appearance which is so characteristic of dolomite in 
sedimentary rocks (figs. 42, 48). 

The dolomites, which for 170 feet in this part of the boring maintain this peculiar 
constancy in chemical and mineralogical composition, are by no means uniform in 
their lithological character. Normally, the dolomites of the boring are dense and 
compact rocks, and a certain proportion of those of this 170 feet are of this nature, 
but for the 80 feet included between the depths of 660 feet and 740 feet they are of 
a totally diflferent character, being so soft and friable as to crumble readily under the 
finger nail, and so porous as to feel, in the hand, scarcely heavier than pumice. The 
reason of these peculiar characters becomes evident under the microscope. When 
the rocks below 650 feet are examined in descending order, it is observed that many 
of the organisms show signs of corrosion by solution. The number of the organisms 
so affected increases with the depth, and also the proportionate part of each organism 
removed by solution ; and at the depth of 660 feet the organisms present the 
appearance shown in fig. 41. Solution has here removed much of their original 
substance, and especially certain parts which seem to be more readily dissolved than 
the rest, with the result that they are now little more than sponge-like skeletons of 
what they were originally. The undissolved parts are composed of dolomite, and 
each organism is invested by a very thin layer of tiny dolomite crystals. These are 
oflen very perfect in form, appearing in sections as minute isolated or nearly isolated 
rhombohedra. The majority of them contain a central zone or nucleus of the same 
form as the crystal itself, composed of a white opaque or semi-opaque material 
(fig. 42). The outer part of the crystal, which is transparent, is probably composed 
of pure or nearly pure dolomite. The central kernel, however, probably owes its 
opacity to the presence of calcareous impurity, which represents the excess of calcium 
carbonate which the rocks contain over and above that present in pure dolomite. 
As the middle of this 80 feet of soft dolomite is approached, signs of solution 
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become more evident, and of such material as remains a larger proportion consists 
of the tiny zoned rhombohedra, and a smaller proportion ol recognisable organisms 
(fig. 42) ; but with the exception of these variations in degree of solution and 
crystallisation, the rocks remain of the same essential nature through the whole 
of the interval between 660 and 740 feet. At about the latter level the cores 
begin to get heavier and harder once more, and within a very few feet they assume 
a dense and solid character. This change is denoted in thin sections by the gradual, 
though i-apid disappearance of those evi- 
dences of solution which are so abundant 
in the rocks alwve. 

Between the base of this soft dolomite 
and the point, another 80 feet lower down, 
at which the proportion of magnesium car- 
bonate begins once more to lessen, the cores 
remain of the hard, dense and compact type 
(fig. 43), and such sections as have been 
cut from them reveal no important recur- 
rence of these signs of excessive solution 
which are so distinctive of the soft dolomite 
above ; hut the rocks exhibit all the various 
types of dolomitisation of the organisms 
which have already been described. 

It may be mentioned here, that the 
phenomenon of reversal, already described I>oloiiutiaed " corai-reef sand. 




Fig 43- 



Mam Bonng Core 51a Depth about 
760 feet, x 30. 

The calcite organ- 



though dolomitised, show little sign of 
crjratalliBation ; the aragonite organisniB, on the 
contrary, are almost completely recrystallieed, 
and have consequently lost all their more deli- 
cate original characters. The granular cement 
probably represents, in large part, crystallised 
" mud," comparatively unaltered patches of 
which are seen here and there in the section. 
The ilark line defining the original boundaries of 
the recrystallised organisms is well seen. 



on p. 403, is very characteristic of these 
lower partsof the boring. It is particidarly 
well displayed by the corals, which are often 
preserved in the form of casts, the solid 
substance of the coral having been removed 
in solution, while the " mud " of the cavities 
has remained undissolved. The coral sub- 
stance has not always been dissolved out, 
however ; sometimes it has been converted 
into secondary calcite, and this in its turn, at the horizons of complete dolomitisation, 
has been converted into dolomite. In such cases the corals are not preserved in the 
form of casts, but have simply undergone one or more changes of mineralisation. The 
mud of the cavities is usually dolomitised, but occasionally it still consists of calcite. 

b. The Occurrence of Fibrous Deposits in the Cavities. 
At the depth of about 815 feet the fibrous encrusting deposit which has 
already been stated to occur in the lower parts of the boring makes its appearance. 
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It is at first very thiu, and constitutes only a minute proportion of the mass ; but 
traced downwards it increases rapidly in thickneBs and soon becomes an abundant 
and conspicuous element in the rocks (Plate F, figs. 4, 5, 6). With occaaioual 
interruptions iind many variations in its detailed constitutioii, it continues to the 
bottom of the l:«>ring. 

Mineralogically it is at first composed entirely of calcite. At greater depths It 
sometimes consists of calcite throughout 
(Plate F, figs. 4, 5), sometimes of regularly 
alternating layers of calcite and dolomite — 
the dolomite layers being thin in comparison 
with those of calcite, and destitute of the 
fibrous structure (figs. 44, 48 ; Plate F, 
fig. 6) — and sometimes of dolomite 
throughout (figs. 45, 49). Occasionally it 
may be uniformly clear and transparent, 
but usually it exhibits a very marked 
concentric structure produced by bands — 
from two or three to as many as fourteen 
or fifteen in number — of different degrees 
of transparency, which impart to it a 
markedly agate-Hke appearance. Asso- 
ciated with it, in the cavities in which 
it occurs, are numerous floors of " mud " 
Cavity, in dolomitiBed rock, containing banded (fig. 46), and there Is repeated evidence 
enoniating deposit consisting of three Uyers, that the darker layers of the deposit owe 
their comparative opacity to the inclusion 
of this finely divided silt within their 
substance. The deposit appears to have 
been formed in waters which were alter- 




— Wain Boring. 
830 feet. 



the first and third of which are of calcite, tlie 
second of dolomite. The dolomite layer may 
represent part of the original deposit converted 
into dolomite, or, as seems more probable, it 
may hare been deposited directly as such. The 
encrusting material, the introduction of which 
was apparently snbsequent to the dolomitJsation 
of the rock, is separated from the boundaries o: 
the originnl or^nisnis by a layer of well-formed 
water-clear dolomite crystals (see also fig. 48 
and PUte F, fig. 6). 



nately clear and turbid with suspended 
matter, which settling slowly down accu- 
mulated in the irregiUarities of the cavity 
floors. Its occurrence as the innermost lining 
of the cavities proves it to be the latest 
addition to the rocks, by deposition from 
solution ; its introduction, moreover, did not take place until after solvent action had 
aflTected many of the corals and other aragonite organisms, for it is frequently found 
lining or filling spaces which were formerly occupied by these. In this respect it diflers 
from the similar fibrous deposits seen in the first few feet of the boring, where the 
cB^nisms of aragonite are as fresh and solid as those of calcite (Plate F, figs. 1 
tind 2). Moreover, there can be little doubt that, in many cases, the ix>cks in which it 
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occurs were at least partially, if not completely, dolomitised before its deposition in 
their cavities. 

Below 820 feet and above 875 feet the rocks are dolomitic limestones containing a 
variable amount of recognisable calcite. At the upper of these two limits they contain 
39 per cent, of magnesium carbonate, and the proportion of calcite is very small indeed ; 
at the lower limit they contain 40*25 per cent, of magnesium carbonate, and there is no 
calcite at all, but as a descent is made from the upper limit, or an ascent from the 
lower, the relative amount of calcite rapidly increases, and for a considerable distance 
above and below a point situate mid- way between them, calcite constitutes not less 
than half the mass. Such analyses as have been made from the cores of this part of 
the boring show a maximum of calcite at 826 feet, where the proportion of magnesium 
carbonate is less than 5 per cent. (4*83). If it be assumed that this amount of 
magnesium carbonate is combined with calcium carbonate to form dolomite, and that 
all the rest of the calcium carbonate exists as visible calcite, then approximately 
nine-tenths of the mass must be composed of calcite and only one-tenth of 
dolomite, a conclusion which is quite in accord with what is observed in stained 
sections. 

Starting from this point, at which so large a proportion of the mass consists of 
calcite, and working both upwards and downwards towards the condition of complete 
dolomitisation which exists above and below, it is interesting to note just the same 
series of changes as is to be observed in passing from the limestones at 037 feet into 
the dolomites below. In the rocks which contain the smallest proportion of dolomite, 
and which, except for the presence of the fibrous encrusting deposit, may be compared 
with those at 638 feet, the calcite of the mass comprises the primary calcite of the 
unaltered organisms, the secondary calcite of the organisms that were originally 
composed of aragonite, and the secondary calcite deposited from solution, which last 
is of two kinds — an earlier-formed deposit of acute scalenohedral crystals investing 
the organisms, and the later- formed fibrous encrusting deposit. The dolomite of the 
mass consists in the main of transparent crystals — there is also some dolomitised 
"mud'' — ^which cover up and enclose the scalenohedra of calcite or invest the 
calcitised aragonite organisms (Plate F, fig. 4) in such a manner as to leave little 
doubt that they are the direct product of deposition from solution. They are 
themselves covered up by the fibrous encrusting deposit of calcite. 

A little higher up and a little lower down much of the secondary calcite gives 
place to dolojnite, but the primary calcite of the organisms still remains unchanged, 
and so, in great measure, does the fibrous encrusting deposit. 

Finally, as the distance from the starting point is gradually increased, and the 
horizons of complete dolomitisation, above and below, are more and more nearly 
approached, even the calcite organisms are attacked and pass over into dolomite ; the 
fibrous deposit too, when followed downwards, is seen to be dolomitised ; traced 

3 (I 2 
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upwards it gradually diuiinishes in amount and finally disappeara, so that at 820 feet 
on the one hand and 875 feet on the other, practically all calclte Has disappeared. 

Although the stac;es of tliis progressive dolomitisatioii, when studied in detail, are 
neither quite so simple noi' <jnite so regular as here described, owing to local disturbing 
influences, it is believed that the general sequence of the changes here indicated is 
substantially correct. 

From 87o.to 1050 feet the rocks are again composed almost exclusively of dolomite, 




Fig 45- 



■Maiii Bonng Core 389a Depth 926 
936 feet x 30 



Dolomitiaed coral reef sand cemented hy fibrous 
enfiruBtirig material The fibrous deposit is in 
places coated with well-defined water-clear crys 
tals of dolomite The rock, except for changes 
which have accompanied dolomitisation is idcnti 
cai in character with that represented in fig. 27. 



Fig. 46.— Main Boring. Core 503a. Depth 9 
991 feet, x 100. 

Dolomitised coral, with an irregular cavity con- 
taining dense homogeneoua detritus and fibrous 
encrusting caldte. The fibrous deposit is the 
only calcite in the section. Neither the " mud " 
nor the fibrous material comes into direct eon- 
tact with the coral. Each is separated from it 
by a layer of clear dolomite crystals. 



visible calcite in the form of undolomitiaed structures being of rare occurrence. They 
contain, however, the same excess of uncombined calcium carbonate as the rocks 
occurring between 650 and 820 feet, the proportion of magnesium carbonate being 
approximately 40 per cent. 

The most variable constituent in them is the fibrous encrusting deposit. This is 
sometimes entirely absent, sometimes scarce, and sometimes abundant ; it displays no 
constancy in its mineralogical composition, consisting most commonly of dolomite, 
but often of alternating layers of dolomite and calcite. Finely divided dolomitised 
detritus is comjnon, and forms conspicuous fioors to the cavities (fig. 46). At several 
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.horizons the rocks show signs, not only under the microscope, but also with the 
naked eye, of tliat solution which has produced such striking results in the soft 
dolomite occurring higher up in the boring (fig. 45). In no case, however, are the 
effects of sohition liere so marked aa at that horizon, nor have the rocks affected so 
great a vertical extent. That solvent action did not come into operation until after 
the deposition of the fibrous encrusting material is proved by the fact that just 
as parts of the organisms have been dissolved away, so, occasionally, have the more 
soluble layers of this material itself been removed by solution— layers which are 
now represented by a series of roughly concentric or parallel vacuities. 

The other characteis of the dolomites at this depth, the state of preservation ot 
the various organisms, their modes of 
mineralisation and so Ibxth, are in all essen- 
tials identical with those of the rocks of the 
same composition which occur higher up 
in the boring. Indeed, the lower dolomites 
differ from those above oidy in the presence 
of the fibrous encrusting material and the 
greater abundance of detrital mud. 

Between 1050 and 1070 feet dolomitic 
limestones occur once more. At the former 
depth, calcite, which in the dolomites imme- 
diately above Is of very rare occurrence 
and constitutes, at most, but an insig- 
nificant proportion of the mass, begins to 
inci-ease in quantity. This Increase con- 
tinues until the depth of 1060 feet, or 
therealjouts. is reached, from which point Dolomitised "mud" containing well-formed dolo- 
a corresponding decrease ensues, with the • mite cryatals. 

result that, finally, at or about 1070 feet, 

dolomite is once moie established in overwhelming preponderance, and so continues 
with little variation to the bottom of the boring. 

Starting from the level (1060 leet) at which the proportion of calcite is 
greatest — rather more than two-fifths of the mass — and working both upwards 
and downwards, the changes which present themselves are the same in kind and 
order as were observed in the dolomitic limestones occurring between the depths of 
S'20 and 875 feet. At first the calcite comprises not only the majority of the 
organisms which are primarily composed of it, but also a certain proportion of 
unaltered secondary calcite, whether it be that which in the form of scalenohedral 
crystals invests the calcite organisms, or that which represents the products of the 
paramorphism of the corals and other aragonite organisms, or that which as the 
fibrous deposit lines or fills the cavities of the ma8& The dolomite consists of 




Fig 47 —Main Bonng Core 618a Depth 1060- 
1066 feet, x 100. 
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crystals which may have been in part deposited directly as such, or may represent 
secondai-y calcite dolomitised ; a portion of the fibrous encrusting material also is 
generally composed of dolomite ; and when finely divided detritus occurs, it, too, is 
dolomitic almost without exception. Higher up and lower down the secondary calcite 
more or less completely disappears, being gradually replaced by dolomite ; and, 
lastly, the calcite organisms are affected ; some alter earlier than others, but prac- 
tically all have suffered conversion into dolomite when the upper limit of 1050 feet. 




Fig. 48, — Main Boring. 
1090 feet. 

Partially dolomitic encrusting deposit occupying 
a cavity in dolomitised coral. The recrystal- 
lised coral substance is separated from the 
fibrous material by a layer of comparatively 
clear dolomite crystals. Of the five layers of 
the enciusting deposit the first, third, and fifth 
are of calcite, the second and fourth of dolo- 
mite. 




Fig. 49.- 



-Main Boring. Core 709a. 
llUfeet. X 35. 



Depth 



Section of the deepest core. The organisms are 
bound together by a cement of three layers. 
The first layer is fibrous and somewhat opaque 
with iacluded " mud " ; the second layer is a 
little more definitely crystallised and is less 
opaque with included matter j cbe third layer is 
well crystallise<l and water-clear. Organisms 
and cement alike are composed of dolomite. 



or the lower limit of 1070 feet, is reached. 
20 feet show signs of solution. 



None of the rocks included in this 



c. The Characters of the Lowest Hocks reached in the Bonn;;.'!. 

Fi-om 1070 feet to the bottom of the boring (1114 feet) the rocks consist once more 
of dolomite, to the complete or almost complete exclusion of visible and recognisable 
calcite. What little calcite they do occasionally contain consists, for the most part, 
of undolomitised or incompletely dolomitised calcite organisms ; occasionally also the 
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fibrous encrusting deposit is partly composed of calcite, but by far the greater propor- 
tion of this material is of dolomite throughout. From about 1100 feet downwards 
the rocks show somewhat marked signs of solution. 

The lowest core of the boring is composed of consolidated dolomitlsed " coral-reef 
sand." It 18 made up of various small organisms, or fragments of organisms, which 
are bound together by well-marked fibrous encrusting material, which more than 
usually resembles that occurring near the top of the boring, in that it comes into 
actual contact with the original bodies of the rock, and is not separated from them by 
an iuterv^eiiing layer of dolomite crystals. 



DK. C. GILBERT CULLIS. 



A Serieb of Diagrammatic Figures illustrating some of the numerous 
CoNiHTiONS of Preservation and Types of Minerausation exhibited by 
THE Corals in different Parts of the Boring. 

(For the purpose of making clear the relations which exist between the various 
conditions illustrated, the same coral form has been reproduced in all the figures. In 
this respect, therefore, they are diagi'ammatic, but in other respects they represent 
in a fairly accurate manner what is actually seen under the microscope.) 




Fig, 50— Fresh coral with empty cavities The 
coral substance composed of pnmary aragonite. 





Fig. 52 — Coral-aubetance aragonite , cavities 
partly filled with secondary aragonite, depo- 
sited from solution , crystaJs contmuations of 
the coral fibres. 




Fig. 53 — Cor 1 a 1 stance aragon te cavities 
partly fiUel with fibrous encrusting leposit of 
secondary calcite crystals not continuations of 
the coral fibres 
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Fig, I I I goiiite cavities eon- 

tai I I I tntufl in proceBa of 

coicBu w V « J rtragonite 




Fig. 55. — Coral-BubBtance ariigotiite; cavities 
completely filled with secondary aragonita. 





Fig. 56.— Coral substance aragoiiite ; cavities Fig. 57.— Coral substance passing from aragonito 

containing secondary calcitc deposited upon to secondary calcito ; cavities filled with eecon- 

aecondary aragonite. dary calcite. 





Fig. 58. — Coral substance and contonts of cavities, Fig. 59. — ^Coral-substance aragonite, in procesii of 

both secondary calcit«. removal by solution ; cavities filled with finely- 

divided calcareous detritus. 
3 H 
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Fig. 60. — <Jornl Bubstanco entirely removed; 
cavities filled with caicnreoua detritus alone 
remHining (phenomenon of revoisal). 




Fig. 62. — Coral suhstance converted into dolo- 
mite ; cavities empty, except for a lining of 
clear dolomite crystals, separated from the ro- 
cryaUilliaed coral by a well-niarketl "dirt line," 




t'ig. 64. — Coral subehtncc i-emoved by solution ; 
cavities ao formed, as well as the original 
cavities of the coral, lined with dolomite 
crystals, the two layers enclosing a fairly well- 
nmrked " dirt lino '' <lefining the original form 
of the cond. 




Fig. 61. — Cora! substance converted into porous 
masa of acute calcite cryatals ; cavitiea filled 
with fine calcareous detritus. 




Fig. 63. — Coral-substance dolomite, traveraed by 
" mud "-filled boring-tubes ; cavities partly filled 
with dolomitised detritus, upper parts lined with 
clear dolomite crystals. 




Fig. 65. — Coral cavities filled with fine calcareous 
detritus ; coral substance then removed by solu- 
tion, cavities so formed afterwards filled by 
calcareous detritus (" secondary mud '), and 
finally the whole dolomitised. 
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Fig. 66.— Coral substance replaced by porous 
masfi of dolomite crystals; cavities filled with 
fine calcareous 'lotritus doloniitised. 
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Fig. 67 — Coral gubetaiice converted into granular 
calcite cavities containing water clear calcite 
in some cases and in otbers first a layer of 
transparent dolomite crystals .ind tben fibrous 
encrusting matenal consisting of alternating 
layers of calcito and dolomite. 




Fig. 68. — Originally coral with cavities partly 
filled with fine calcareous detritus ; coral sub- 
stance removed by solution ; cavities so formed, 
and those incompletely filled with calcareous 
detritus, lined with crystals of calcito, deposited 
from solution, the whole then dolomitised, and, 
lastly, fibrous encrusting calcite, deposited in 
certain of the empty spaces. 




Fig. 69. — Originally coral with empty spaces; 
coral substance removed by solution ; cavities 
so formed and the original cavities of the coral 
lined with calcito crystals ; these converted 
into dolomite ; and lastly remaining cavities 
filled with fibrous encrusting deposit of calcite. 
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Fig. 60. — Coral Biibstance entirely removed ; 
cavities filled with cnlciireoiis detrituB alone 
remaining (phenomenon of revei-sal). 




Fig. 62. — Cora! sniistance converted into dolo- 
mite ; L-avities empty, except for a lining of 
clear dolomite cryatala, separated from the rc- 
cryatallised coral by a well-marked "dirt line." 




Fig. 64. — Coral siibstaneo removed by solution ; 
cavities so formed, as well its the original 
cavities of the coral, lined with dolomite 
erystaia, the two layers enclosing a fairly well- 
marked " dirt line '' defining the original form 
of the coral. 




Fig. 61. — Coral siilntance converted into porous 
mass of acut« calcite crystals ; cavities filled 
with fine calcareous detritus. 




Fig. 63. — Coral -sultatance dolomite, traversed by 
" mud "-filled boring-tubea ; cavities partly filled 
with dolomitiaed detritus, upper parts lined with 
clear dolomite crystals. 




Fig. 65 — Coral LaMties filled nith fine calcareous 
detritus cor 1 sulistaiito then removed by solu- 
tion lavitiea 80 formed afterwards filled by 
calcateous detntna ( secondary mud ) and 
finallj the whole dolomitised 



MINER.VLOGICAL CHANGES OBSEBVED IN CORES OF FUNAFUTI BORINGS. 419 




Fig. 66. — Coral substance replaced by porous 
masB of dolomite crystals; cavities filled with 
fine calcareous dotritus doloniitised. 




Fig. 67. — Coral aubatance converted into granular 
calcite; cavities containing vater-clear calcite 
in some cases, and in others first a layer of 
transparent dolomite crystals, and then fibrous 
encrusting material consisting of alternating 
layers of calcite and dolomite. 
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Fig. 68. — Originally coral with cavities partly 
filled with fine calcareous detritus ; coral sub- 
stance removed by solution ; cavities so formed, 
and those incompletely filled witb calcareous 
detritus, lined with crystals of calcit«, deposited 
from solution, the whole then dolomitised, and, 
lastly, fibrous encrusting calcite, deposited in 
certain of the empty spaces. 




Fig. 69. — Originally coral with empty spaces; 
coral substance removed by solution; cavities 
BO formed and the original cavities of the coral 
lined with calcite crystals; these converted 
into dolomite; and lastly remaining cavities 
filled with fibrous encrusting deposit of calcite. 
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Fig. 60. — Coral Biibstance entirely removed ; 
caviticB filled with cnlcarcotis detritus alone 
remaining (phenomenon of roroi'sal). 




Fig. 62.^Coral substance converted into dolo- 
mite ; cavities empty, except for a lining of 
clear dolomite crystals, separated from the re- 
crystallised eoral by a well-marked "dirt line." 




Fig. 64, — Coral substance removed by solution ; 
cavities so formed, as well as the original 
cavities of the coral, lined with dolomite 
crystals, the two layers enclosing a fairly well- 
markctl "dirt line'' defining the original form 
of the eond. 




Fig. 61. — Coral substance converted into porous 
mass of acute calcite crystals ; cavities filled 
with fine calcareous dclritiis. 




Fig. 63. — Coral-substance dolomite, traversed by 
" mud "-filled boring-tuljes ; cavities parUy filled 
with dolomitised detritus, upper parts lined with 
clear ilolomitc crystals. 




Fig. I < III ireom 

detritus ; coral substance then removed by solu- 
tion, cavities so fornicif afterwards filled by 
calcareous detritus ("secondary mud"), aiid 
finitlly the whole dolomitised. 
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Fig. 66 — Coral Bubstance replaced by porous 

maae of dolomite crystals; cavities filled with 
fine calcareous dotritus doloniitised. 




Fig. 67. — Coral substance converted into granular 
calcite ; cavities containing water-clear calcite 
in some cases, and in others first a layer of 
transparent dolomite crystals, and then fibrous 
eacrusting material consisting of alternating 
layers of calcit« and dolomite. 




Fig. 68. — Originally coral with cavities partly 
filled with fine calcareous detritus ; coral sub- 
stance removed by solution ; cavities so formed, 
and those incompletely filled with calcareous 
detritus, lined with crystals of calcite, deposited 
from solution, the whole then dolomitised, and, 
lastly, fibrous encrusting calcite, deposited in 
certain of the empty spaces. 
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Fig. 69. — Originally coral with empty spaces; 
coral substance removed by solution; cavities 
so formed and the original cavities of tbe coral 
lined with calcite crystals; these converted 
into dolomite; and lastly remaining cavities 
filled with fibrous encrusting deposit of calcite. 
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Fig. 60. — Coral siihstAnce entirely removed ; 
cavities filled with calcareoiia detritus aloae 
remiiining (phenomenon of reversal). 




Fig. 62, — Coral substance converted into dolo- 
mite ; cavities empty, except for a lining of 
clear dolomite crystals, separated from the re- 
crystallised coral by a well-marked "dirt line." 




Fig. 64. — (Joral substance removed by solution ; 
cavities so formed, as well as the original 
cavities of the coral, lined with dolomite 
crystals, the two layers enclosing a fairly well- 
marked " dirt line '' defining the original form 
of the coral. 




Fig. 61. — Cora! substance converted into porous 
mass of acute calcite crystals ; cavities filled 
with fine calcareous detritus. 




Fig. 63. — Coral-sulistance dolomite, traversed by 
" mud "-filled boring-tubes ; cavities partly filled 
with dolomitised detritus, upper parts lined with 
clear dolomite crystals. 




Fig. 65 —Cor il c v t es filled with fine calcareous 
<Ietritu8 ; coral substance then removed by solu- 
tion, cavities so formed afterwards filled by 
calcnreouB detritus ("secondary mud"), oiid 
finally the whole dolomitised. 
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Fig. 66.— Coral substance replaced by poroua 
masH of dolomite crystals; cavities filled with 
fine calcareous detritus doloniitiscd. 




Fig. 67 — Coral aubsta ce co erte J i to granular 
calcite cavities conta n ng water clear calcite 
in Bome otsea and in others first a layer of 
transparent dolomite crvstals <tnd then fibrous 
encrusting matenal consisting of alternating 
layers of calcite and dolomite. 




Fig. 68. — Originally coral with cavities partly 
filled with fine calcareous detritus ; coral sub- 
stance removed by solution ; cavities so formed, 
and those incompletely filled with calcareous 
detritus, lined with crystals of calcit«, deposited 
from solution, the whole then dolomitised, and, 
lastly, fibrous encrusting calcite, deposited in 
certain of the empty spaces. 




Originally coral with empty spaces; 
coral substance removed by solution; cavities 
so formed and the original cavities of the coral 
lined with calcite crystals; these converted 
into dolomite; and lastly remaining cavities 
filled with fibrous encrusting deposit of calcite. 
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Kig. 60. — Coral suhstanco entirely removei 
cavities filled with calcareous detritus alone 
remaining (phenomenon of roveisal). 




Fig. 62 — Coral substance con\erted into dolo- 
mite av-ities empt} except for a linmg of 
clear dolomite crystals separated from the ro 
crystallised coral bj a well marked dirt line 




Fig. C4 — Coral suljstaiico lomoved by solution 
cavities so formed is well as the original 
cavities of the coral lined with dolomite 
crystals the two h\ers enclosing a fairly well 
marked dirt line (Ufimng the ongirnl form 
of the cond. 




[■'ig. 61. — Cora! suletaiice converted into porous 
mass of aciit« calcito crystals; cavities filled 
with line calcareous detritiu. 




Fig. 63. — Corol-sulistance dolomite, traversed by 
" nuid "-filled boring-tul>es ; canities partly filled 
with dolomitisetl detritus, upper parts lined witi 
clear dolomite crystals. 




Fig. 65 — Coial c iiitics filled with fine calcareotis 
detritus cord substnnie then removed by solu- 
tion cavities so formed afterwards filled by 
calcareous detntus ( secondary mud"), aiid 
tinaily the whole dotomitised. 
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Fig. 66,— Coral substance replaced by porous 
maati of dolomite cry^tAU; cavities filled with 
fine calcareous detritus dolomitised. 




Pig 67 — Coral substance converted into granular 
calcite cavities containing water clear calcite 
in some cisea ai d in others first a layer of 
transparent dolomite crvstals and then fibrous 
enci'ustmg material consisting of alternating 
layers of calcite and dolomite. 




Fig. 68. — Originally coral with cavities partly 
filled with fine calcareous detritus ; coral sub- 
stance removed by solution ; cavities so formed, 
and those incompletely filled with calcareous 
detritus, lined with crystals of calcite, deposited 
from solution, the whole then dolomitised, and, 
lastly, fibrous encrusting calcite, deposited in 
certain of the empty spaces. 




Fig. 69. — Originally coral with empty spaces; 
coral substance removed by solution; cavities 
so formed and the original cavities of the coral 
lined with calcite crystals ; these converted 
into dolomite; and lastly remaining cavities 
filled with fibrous encrusting deposit of calcite. 
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Fig. 60. — Coral subetanco entirely removei 
cavities filled with culcareoua detritus alont 
remmning (phenomenon of reversal). 




Fig. 62. — Coral suhstance converted into dolo- 
mite ; L-avities empty, except for a lining of 
clear dolomite eryatala, separated from the re- 
crystallised coral by a well-marked "dirt line." 




I'ig. 64. — Coral substance removed by solution ; 
cavities so formed, aa well iia the original 
cavities of the coral, lined with dolomite 
crystals, the two layers enclosing a fairly well- 
marked "dirt line" defining the original form 
of the coral. 




Fig. 61. — Cora! sutietance converted into poroiu 
mass of acute calcite crystals ; cavities filled 
with fine calcareous detritus. 




Fig. 63, — Coral-sulatance dolomite, traversed by 
" mud "-filled boring-tubea ; cavities partly filled 
with dolomilised detritus, upper parts lined with 
clear dolomite crystals. 




Fig. 65.— Coral tmties filled with fine calcareotu 
detritus ; coral aulwtance then removed by solu- 
tion, cavities so formed afterwards filled by 
calcareous detritus ("secondary mud"), aiid 
fiiiidly the whole dolomitised. 
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Fig. 66.— Coral aubetance replaced by porous 
masu of dolomite crystals; cavities filled with 
fine calcareoua detrittu doloniitised. 




Fig. 67. — Coral subBtAnce converted into granular 
calcite ; caritioB containing water-clear calcite 
in aome caaee, and in others first a layer of 
transparent dolomite crystals, and then fibrous 
encrusting material consisting of alternating 
layers of calcite and dolomite. 




Fig. 68. — Originally coral with cavities partly 
filled with fine calcareous detritus; coral sub- 
stance removed by solution ; cavities so formed, 
and those incompletely filled with calcareous 
detritus, lined with crystals of calcite, deposited 
from solution, the whole then dolomitised, and, 
lastly, fibrous encrusting calcite, deposited in 
certain of the empty spaces. 




Fig. 69. — Originally coral with empty spaces; 
coral substance removed by solution; cavities 
so formed and the original cavities of the coral 
lined with calcit« crystals ; these converted 
into dolomite; and lastly remaining cavities 
filled with fibrous encrusting deposit of calcite. 
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h'ig. 60.^0onil aubstanco entirely removetl ; 
cavities filled with citlciu'eoiis dotritus alone 
remaining (phenomenon of rovci'sal). 




Fig, 62. — Coral Buhstance converted into dolo- 
mite; (.avities empty, except for a lining of 
clear dolomite crystals, separated from the re- 
crystallised coral by a well-miirkcd "dirt lino." 




Fig. 64. — Coral Gii)>et»nce i-omoved by solution ; 

cavities so formed, as well as the original 
cavities of the coral, lined with dolomite 
crystals, the two layers enclosing a fairly well- 
marked "dirt line" defining the original form 
of the c-ornl. 




rig. 61. — Cora! snbstance eonvort«d into porous 
mass of acute calcite crystals; cavitiee filled 
with fine calcareous detritiu. 




Fig. 63. — Coral-Bulntance dolomite, traversed by 
" mud "-filled boring-tubes ; cavities partly filled 
with dolomitised detritus, upper parts lined with 
clear dolomite crystals. 




Fig. 65 —Coral t mties fdlcd with fine calcareous 
detritus ; coral substance then removed by solu- 
tion, cavities so formed afterwards filled by 
calcareous detritus ("secondary mud"), and 
finally the whole dolomitised. 
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Vig. 60. — Com! substAnce oiitirely removed ; 
cavities filled with cnlcareoiie detritus alone 
remaining (phenomenon of reveisal)' 




Fig, 62. — Coral substance converted into dolO' 
init« ; cavities empty, except for a lining of 
clear dolomite crystals, separated from the re- 
crystallised coral by a well-marked " dirt line." 




I'ig. 64. — Coral substance lemoved by solution ; 
cavities so formed, as well as the original 
cavities of the coral, lined with dolomite 
crystals, the two layers enclosing a fairly well- 
marked " dirt line '" defining the original form 
of the cond. 




Fig. 61. — Cora! substance converted into porous 
mass of acute calcite crystals ; cavities Slled 
with fine calcareous detritus. 




Fig. 63. — Coral-su))stance dolomite, traversed by 
" mud "-filled boring-tubes ; cavities partly filled 
with dolomitised detritus, upper parts lined with 
clear dolomite crystals. 




Fig. 65 — Coral unities filled with hne cdcareoua 
detritus coral substance then removed bj solu- 
tion cavities so formed afterwards filled by 
calcareous detntus ( secondary mud ) and 
firiillj the whole dolomitised 
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Fig. 66.— Coral subBtance replaced by porous 
mawi of dolomite crystflls; cavities filled with 
fine calcareous detritus doloniitised. 




Fig. 67. — Coral substance converted into granular 
calcite ; cavitioa containing water-clear calcite 
in some casea, and in others first a layer of 
transparent dolomite crystals, and then fibrous 
encrusting material consisting of alternating 
layers of calcite and dolomite. 




Fig. 68. — Originally coral with cavities partly 
filled with fine calcareous detritus ; coral sub- 
stance removed by solution ; cavities so formed, 
and those incompletely filled with calcareous 
detritus, lilted with crystals of calcite, deposited 
from solution, the whole then dolomitised, and, 
lastly, fibrous encrusting calcite, deposited in 
certain of the empty spaces. 




Fig. 69. — Originally coral with empty spaces; 
coral substance removed by solution; cavities 
so formed and the original cavities of the coral 
lined with calcite crystals ; these converted 
into dolomite; and lastly remaining cavities 
filled with fibrous encrusting deposit of calcite. 
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DESCRIPTION OF PLATE F. 



Stained Sections of the Funafuti Rocks. 



(^Note, — In figs. 1 and 2 the mineral which has taken the stain is aragonite, that which has remained unstained 
is calcite. In figs. 3, 4, 5 and 6 the coloured mineral is calcite, the uncoloured, dolomite.) 

Fig. I. — SoLLAS Boring No. 2. Core D. 9. Depth nearly 30 feet, x 100. 

To the right is a mass of coral with encrusting organisms. To the left and below is a part of a 
Ualimeda frond ; separating this from the encrusted coral is finely-divided calcareous detritus (" primary 
mud "). Above is a large cavity lined with secondary calcite. The cavities inside the coral and Ualimeda 
frond are nearly all filled with secondary aragonite ; a few contain secondary calcite, which together with 
that in the cavity outside the organisms is of the fibrous encrusting type. 

Fig. 2.— SoLLAs Boring No. 1. Core C. 20. Depth between 50 and 80 feot. x 100. 
** Coral-reef sand " with con«5t,ituent fragments cemented together by secondary calcite of the fibrous 
encrusting type. 

Fig. 3.— Main Boring. Core 314 (lowest part). Depth 638 feet, x 200. 

Partially dolomitised limestone. In some parts the organisms are seen to be coated with acute crystals 
of secondary calcite, which either project into empty spaces or are embedded in granular dolomite ; in 
others these crystals have been dolomitised ; and in still others the organisms themselves have suffered the 
change, with a resulting partial or complete obliteration. Some of the dolomite has possibly been 
deposited from solution, but the greater part is probably a substitute for pre-existing structures of calcite 
or aragonite. 

Fig. 4.— Main Boring. Core 225 A. Depth 842 feet, x 200. 

The organisms are coated with secondary calcite in acute crystals. These project into a layer of clear 
dolomite, the rhombohedral crystals of which are covered in turn by secondary calcite of the fibrous 
encrusting type. 

Fig. 5.— Main Boring. Core 237 A. Depth 850 feet, x 100. 

The untinted part of the section represents a portion of a large mass of dolomitised coral, the cavities 
in and around which are lined with a thick deposit of fibrous encrusting calcite. 

Fig. 6. — Main Boring. Core 270 A. Depth 868 feet, x 200 (slightly diagrammatic). 

The layer of clear and well-defined dolomite crystals rests upon and encloses a mass of coral, which has 
been converted into calcite. This layer in turn is covered up by a thick deposit having a radiating 
structure, and consisting of bands of calcite and films of dplpmite in regular alternation. 
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Abeuckombt, B., 41. 

Actinozoa, list of publications dealing with, 183. 

AoASSiz, A., 167, 175, 176, 369. 

Agate-liko deposition of dolomite, 256, et seq.y 410, et seq.^ 
with figs. 44, 46, &c. 

Alcyonaria included under term ** corals," 195, 319 ; remarks 
on, 322 323. 

Alcyonarian spicules in main boring, 191, et seq.^ 200, et seq.y 
344, et aeq. ; in Sollas*8 Ist boring, 302, 352 ; in his 2nd 
boring, 306; in lagoon-boring, 312, et seq.^ 352. See also 
Lobophytum. 

Algae, calcareous, 6, 27-28, 45, 66, 109, 173, 191, et tteq. ; 
proportionate distribution of, in lagoon, 177-180; range 
of, in borings, 330; remarks on, 331-332. See also 
Halimeda, Lxthothamnion^ &c. ; non-calcareous, 128-129, 
et seq. 

Alveolina, its first appearance in the main boring, 193, 238, 
239, 240, 838. 

Boscii, 817. 

Amatuku, lagoon-clifP of, 24 (fig. 16), 25, 72 (and pi. D) ; 
liying Helxopora caruUa on, 67, 138-139; geol. map 
and sects., pi. 12. 

AmphiHegina in lagoon, 177, 178, 179 ; in main boring, 
abundance of, 193, et seq.^ 293, et seq. ; rotund form of, 
255 ; A. in Sollas'b 1st boring, 298, et seq, ; in his 2nd 
boring, 304, et seq. ; in lagoon-boring, 812, ct seq. 

Lessonii in main boring, 195, 202, et seq., 239, 246, 

253, 293, 295, 337, et seq. ; in Sollab's Ist boring, 298, 
343 ; in his 2nd boring, 306, 307, 810, 843 ; in lagoon- 
boring, 312, 314, 845. 

Analysis (chemical), method of, 362-363; general results of, 
863-366 (with diagrams); preparation of samples for, 
366-867. 

Angle of repose of Tinoporus-sKudi and of rubble, 75. 

Annelid-tubes (?), in main boring, 241, 355, et seq.; in 
Sollab'b 2nd boring, 306 ; remarks on, 329. See also 
Serpula, Spirorbis. 

Anomalina in main boring, 209, 216, 337 ; in lagoon-boring, 
312, 345. 

polymarpha, 209. 

Aporosa (oorallia), undetermined, in main boring, 345, 347. 

Aragonite, secondary deposition of^ 190, 195, et seq., 297. 
et seq., 893-400 (and figs. 24-34); rapid solubility of, 
388 ; production of, in coral-rock, 390 ; dolomite formed 
by alteration of, 891 ; which organisms are composed of, 
898; disappearance of, 400-404, with figs. 35-88; re- 
placement by dolomite in cores, 405-^09, with figs. 
89-40. 

Areas (occupied by rarious types of rock), table of, 82; 
remarks on do., 83. 

ABMSTRoya, £. F., 389 ; Armstrong, H. £., 388. 

Arthropoda, list of publications dealing with, 184-185 ; 
arthropoda in main boring, 191. 

Ascidian spicules in main boring, 195, et seq., 215, 218, 248, 
381, 335, et seq. See also Leptoclinum. 

Aspidosiphon destrojing Lithothamnion, 140. 

Astrtta in main boring, 196, 200, 205, 227, 228, 244, 259, 
et seq., 269, et seq., 278, et seq., 288, et seq., 844, et seq. ; 
in Sollab's 1st boring, 800, 801, 352 ; remarks on, 824. 

of. denticulata, 249, 820. 

lohata, 229, 272, et seq., 820. 

Ajtrsan corals, bathymetric distribution of, 159 ; in main 
boring, 196, et seq., 847, et seq. ; in Sollab'b 1st boring, 
858 ; in his 2nd boring, 807, et seq. ; in lagoon .boring, 
818, et seq., 353 ; remarks on, 825. 

AstrcBopora in main boring, 204, 233, 242, 248, 258, et seq., 
269, 274, et seq., 279, et seq., 345, et seq. ; in lagoon- 
boring, 313, et seq., 353 ; remarks on, 327-8^. 



Astrteopora ocellata, rate of growth of, 143. 

Atlanta in main boring, 203. 

Atoll, descriptions of, 7-28 (and figs. 3-16), 62-66 ; model 
of, 62 (and pi. B), 6-4; peripheral extension of, 78, et 
seq., 88 ; immediate future of, 87-88 ; charts, &c., of, 
pis. 1-19 ; section of, pi. 1 ; biology of reef -forming 
organisms of, 125-150, and fig. 19. 

Aralau Islet, description of, 93-96, 114 ; geol. map and 
sects, of, pi. 5. 

Ayleb, — , 2, et seq. 

Bairdia in main boring, 202, 216, 354 ; in la goon -boring, 

312, 360. 
Balance-sheet of the Sollas Expedition, xi. 
Balanophyllia associated with TAthothamnion, 134. 
Basaltic scori® simulated by lichen- covered breccia, 76. 
Bathymetric distribution of reef -forming organisms, 184, et 

seq., 155-J59. 
Bdellmdina in main boring, 240, 338 ; in lagoon boring, 

312, 844. 
Bedding. See Stratification. 
Bernard, H. M., 167, 179, 314. 
Bbrrt, J., 1, 43. 
Bibliography of publications dealing with material from 

Funafuti, 182-185. 
Biology of Funafuti coral-reef formation, 125-15(t, and 

fig. 19. 
Blanche Bay (Vew Britain), pumice derived from eruption 

at, 63, 76-77 (and pi. 9). 
" Blowhole," 68 (and pi. 9) ; blowholes fringed by LUho- 

tkamnion, &c., 80, 81. 
Boiler, large, accident to, 53. 
Bolivina in main boring, 216, 228, 262, 336; in SoLLAs's 

2nd boring, 806, 342. 
Bonnet, T. Q-., preface, vii-xir. 
Boring, 1st, description and section of, 2-3; cores from 

same, 296-802 ; boring at Luamanif portage, 4-6, and 

section (fig. 2) ; cores from same, 303-810 ; 8rd boring 

(abandoned), 45; main boring (in 1897), 44, 47-50, 53; 

do. (in 1898), 56-57, 187-194; possible future deepening 

of, 57 ; general report on materials derived from, 

169-176; detailed report on do., 195-296; general 

characters of cores from same, 332-884; borings in 

lagoon, report on, 160-164; notes on materi-ils from 

same, 810-315. 
-apparatus, limitations, &c., of, 40-42 ; ai^cidonts to, 

47-48, 49-50, 58; improved (third expedition), 55; 

description of that used for lagoon-boringii, 161-162. 
Brachiopoda. See Thecidea. 
Breccia, the, 13, 14, 15-16, 17-18, 25, 70-72, 84, et seq., 90, 

et seq. 
British Association Committee, vii-viii. 
Bkittlebank, C. C, 41. 
Burns, G., 42, 48, 55, 66, 59. 
Burrowing organisms, 140-141. See also Cliona, Litho- 

domus. 

C<Bcum in main boring, 203. 

Calcarina, abundance of, 76, 177 ; in main boring, 218, et 
seq., 247, et seq., 266, ei se^., 280, 285, et seq., 837, 
et seq. ; in Sollab's 1st bonng, 302, 343 ; in his 2nd 
boring, 305, 306, 309, 843 ; in lagoon- boring, 312, et seq., 
345. 

Defrancii, 2,14i. 

hispida, 213, 214, 216, 220, 239, 812. 

Calcisponges in main boring, 198, 202, 208, 296, 354, 858 ; 
in Sollao's 1st boring. 299, 360; in his 2nd boring, 306, 
810, 860 ; remarks on, 829 ; in lagoon- boring, 360. 
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Calcite, cores in main boring consisting of, 257 ; cementing 
rock in lagoon.boring, 311 ; caloite pseudomorpbous 
after aragonite, 390, 400, et seq. ; bow changed into 
dolomite, 391 ; which organisms are composed of, 393 ; 
secondary deposition of, from solution, 394-397 (and 
figs. 24-30); do. from "mud," 398-400 (and figs. 
31-34); replacement of, by dolomite (in the cores), 
405-409 (and figs. 39-42). 

Calcitio cement, fibrous, 73, 311, 395, et seq. 

Calcium carbonate. See carbonate of lime. 

Calophyllum inophyllum^ 109. 

Carbon. dioxide, in lagoon- waUr, amount of, 28, 133, 148- 
149 ; solvent action of, 379-383. 

Carbonadoes used in Sollas's borings, purchase and resale 
of, x-xi. 

Carbonate of lime, conditions favourable to deposition of. 
17, 74 ; removal by humic acid, Ac, 73-74 ; secondary 
deposition of, simulating structure of corals, 319 ; propor- 
tions of, in main boring,' 363-366 (and fig. 23) ; propor- 
tion in Funafuti rocks as bearing on theories of dolo- 
mitisation, 373-389. 

Cardium fragum^ abundance of, 76, 99, 101. 

Carpenferia in Lit hoth amnion- zone y &c., 80, 81, 129, 145, 
156 ; in main boring, 197, et seq.y 242, et seq.^ 248, et 
seq.y 265, et seq.^ 281, et seq.^ 289, et seq.^ 337, et seq. ; 
in Sollas's Ist boring, 298, et seq., 343; in his 2nd 
boring, 305, 306, 310, 343. 

halaniformisy 203. 

montieulariSy 200, 215. 

vtriculariSf 314. 

Casts, formation of, in dolomitic cores, 405, et seq. 

Cavernous rocks, boring through, 40-41, 56 ; cavernous 
limestone in the cores, 191, 192, 403. 

Cerithium in main boring, 202. 

Chalky superficial resemblances of some cores to, 169, 191, 
192, 385. 

Chama imhricata, sheets of, 99, 105. 

Channels, shallow, in Lithothamnion-zoney 80-81 ; great 
number of, 131. 

CnAPMAK, F., 59, 80, 167, 172, 175, 181, 187, 201, et seq.y 
298, 302, 306, 312, et seq. ; quoted, 155. 

Chemical examination of material from Funafuti, 362-389. 
See also Micro-chemical. 

Chlorine in lagoon-water, amount of, 28. 

Cidaris in main boring, 199, 202, 354; in Sollas's 1st 
boring, 300, 360 ; C. metul/zriay 199. 

ClifP, submarine, 154; at edge of reef-platform, 81-82. 

"Clinker-fields " within "hurricane-bank," 76; on Tutanga, 
Ac, 93, 95, et seq. 

Cliona, evidence of, in main boring, 196, 199, et seq.y 264, 
et seq.y 269, et seq.y 275, et seq.y 283, et seq.y 354, et seq. ; 
in Sollas's 1st boring, 297, et seq.y 360; in his 2nd 
boring, 304, et seq.y 360; in lagoon- boring, 313, et seq.y 
360. 

Caeloria (?) in main boring, 216, 219, 226, 248, 250, 263, 264, 
et seq.y 270, et seq.y 274, et seq.y 281, et seq.y 295, 346, et 
seq.'y in lagoon -boring, 314, 352; remarks on, 
323-324. 

cf. d^daleay 248, 320, 324. 

Coloration of Heliopora c€ervh(ty 68, 109; of nulli pore -rim, 
11 ; of Milleporay 92, 109 ; of PoriteSy 126, 127 ; (and 
discoloration) of LithothamnioHy 129, 130, 145, 148, 156; 
of cores from main boring, 173. 

Columbella in main boring, 203. 

Committee appointed by British Association, vii; appointed 
by Royal Society, viii; instructions drawn up by do., 
ix-x. 

Conchite, secondary deposition of, 190, 195, et seq.y 297, et seq.y 
804. 

Conglomerate, phosphatic, of Amatuku, &c., 25, 72-73 (and 
pi. T>), and pi. 12 ; conglomerate now forming, 73. 

Cook BEY, T., chemical analysis of pumice, 78. 

Coprolites in main boring, 191, 197, et seq.y 355 ; in 
Sollas's Ist boring, 298, 299, 302, 361 ; in his 2nd 
boring, 306, 361 ; in lagoon-boring, 312, 361 ; remarks 
on, 331. 

Coral-breccia, 13, 14, 20, 22, 23,70-72 (and pis. C-D) ; sea- 
ward slope of, 14 (and figs. 5, 6) ; pinnacles partly made 



up of, described and figured, 15-16 ; origin of do. 
17-18, 25. See also Breccia. 

Coral-reef formation of atoll, biology of, 125-150, and fig. 19. 
Sec also "Reei and its oompounds. 

Coral-rock, in situ (?) in lagoon, 162, et seq. ; proportion of 
insoluble residues in coral-reef rocks, 368-370 ; coral- 
rock of Funafuti, note on, 390-391. 

Corallines in main boring, 330, 355 ; in Sollas's 2nd boring, 
306, 361 ; remarks on, 331. 

Corals, &o., smothered by Lithothamntony &c., 126, et seq.y 
137, 138, 141, 180; rate of growth of, 143-144, 146-147; 
effect of sunlight on, 148 ; gases evolved by, 149-150 ; 
bathymetric distribution of, 158-159, 179; minute 
structures obscured by conchite, Ac., 190, 191, 195; 
corals from borings, notes on, 319-328, with table (and 
figs. 21-22) ; distribution of, ibid.y 344-358 ; figs, illus- 
trating conditions of preservation and types of minerali- 
sation (Nos. 50-69), 416-419. 

Cores obtained down to 698 feet, 54 ; do. down to 1114 feet, 
56; general description of, 169-176, 187-194; length 
and numbers of, 189; detailed description of, from 
0-10 ft., 195-196 ; from 10-20 ft., 196-197 ; from 
20-30 ft., 197-198; from 30-40 ft., 198-200; from 
40-60 ft., 200-201; from 60-70 ft., 201-202; from 
70^ ft., 202-203; from 80-90 ft., 203-204; from 
90-100 ft., 204-205 ; from 100-110 fr., 205-206; from 
110-130 ft., 206-207 ; from 130-140 ft., 207-208 ; from 
140-150 ft., 208; from 150-170 ft., 209; from 
170-180 ft., 209-210 ; from 180-190 ft., 210-211 ; from 
190-200 ft., 211-212 ; from 200-210 ft., 212-213; from 
210-220 ft., 213 ; from 220-240 ft., 213-214 ; from 
240-280 ft., 214-215 ; from 280-330 ft., 215-216 ; from 
330-373 ft., 216-217 ; from 373-378 ft., 217-218; from 
378-^10 h.y 218 ; from 410-420 ft., 219 ; from 
420-450 ft., 219-220 ; from 450-^7 ft., 220-221 ; from 
457^68 ft., 221-222; from 468 487 ft., 222; from 
487-497 ft., 222-223; from 497-505 ft., 223; from 
506-517 ft., 223-224 ; from 517-526 ft., 224^225 ; from 
526-546 ft., 225-226 ; from 546-555 ft., 226-227 ; from 
555-567 ft., 227; from 567-578 ft., 227-228; from 
678-598 ft., 228-229; from 598-624 ft., 229; from 
624-637 ft., 229-230; from 637-643 ft., 230-231 ; from 
643-652 ft., 232-233 ; from 652-660 ft., 233-234 ; from 
660-670 ft., 234-235 ; from 670-691 ft., 235-236 ; from 
691-698 ft., 236-237; from 698-706 ft., 237; from 
706-716 ft., 238 ; from 716-736 ft., 238-239 ; from 
736-748 ft., 239-240 ; from 748-763 ft., 240-243 ; from 
763-771 ft., 243-244 ; from 771-781 ft., 245-246 ; from 
781-790 ft., 247-249 ; from 790-798 ft., 249-251 ; from 
798-804 ft., 251-252 ; from 804-810 ft., 252-253 ; from 
810-815 ft., 254-255 ; from 815-822 ft., 255 ; from 
822-833 ft., 256-257 ; from 833-844 ft., 257-259 ; from 
844-853 ft., 259-260; from 853-866 ft., 260-262; from 
866-874 ft., 262-263 ; from 874-881 ft., 263-265 ; from 
881-890 ft., 265-266 ; from 890-899 ft., 266-267 ; from 
899-910 ft., 268-269 ; from 910-922 ft., 269-271 ; from 
922-936 ft., 271-273 ; from 936-945 ft., 273-274 ; from 
945-957 ft., 274-275 ; from 957-963 ft., 276 ; from 
963-973 ft., 276-278; from 973-983 ft., 278-279; from 
983-991 ft., 279-280 ; from 991-1006 ft., 280-282 ; 
from 1006-1015 ft., 282-283; from 1016-1026 ft., 
283-284; from 1025-1034 ft., 284-285; from 1034- 
1044i ft., 286-287 ; from 1044^-1063 ft., 287-288; from 
1053-1066 ft., 288-290 ; from 1066-1075 ft., 290-291 ; 
from 1076-1087 ft., 291-292 ; from 1087-1100 ft., 292- 
294; from 1100-11144 ft., 294-296; cores from Ist 
borine C (Sollas), 296-302 ; from 2nd boring D, 
303-310 ; from lagoon -boring Z, 810-816 ; general 
character of cores from main boring, 832-834 ; chemical 
examination of cores, 362-889 (and fig. 23) ; minera- 
logical changes observed in do., 392-420 (with figs. 
24-69andpl. F). 

CoRNEY, B. G., 1, 43, 49, 52, 58, 56, 69. 

Comnspira in Solt.as'b 2nd boring, 806, 809, 842. 

Corrosion -zones, 71, 72, 91, et seq.y 128, 181. 

Corrugated-iron shed, usefulness of, 44. 

Crabs. See Crustacea. 

Crania dredged off Falefatu, Ac., 168. 
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Creak, Captain E. W., Report on RosuHb of Magnetic 

Survey of Funafuti Atoll, 33-39, 54-55. 
CHsteUaria iu u»ain boring. 202, 209, 336; in SoLLAs's 2nd 

boring, 306, 342. 

articulata, 202. 

Crustacea, claws of small, in main boring, 201, et seq.^ 216, 

354 ; cara]Mice of, ibid.y 232 ; claws, in SollAs's 2nd 

boring, 306, 360; do. in lagoon. boring, 312, 360; 

remarks on, 329. 8eo also Ostracoda. 
Crystallisation, perfect, of secondary calcite, 396, et xeq. 

(with figs. 29, 30, 33, 36, 39, 40 and pi. F) ; crystallisa- 

tion of fine calcareous detritus, 398-40 ">. 
CrLLis, C. G., 167, 171, et seq., 362,363, 371, 376, 384; 

Mineralogical Changes Observed in Cores of Funafuti 

Borings, 392-420 (with figs. 24-69 and pi. F). 
Currents, prevalent, 62. 63 ; action of, iu determining sliape 

of Funafuti, 84, et xeq. 
C^cli}cfi/peusy abundance of, 152, 193 ; first api)earance in 

main boring, 192, 228; reappearance of, 233, 234, 

et seq., 243, et seq., 286, 291, 339, 341. 

Carpeiteriy occurrence of, 155-156, 317-319, 339-ail. 

Cycloseris iu main boring, 238, et neq., 243, 254, 266, 291, 

321, 325, 347, et seq. 

cf . cyclolites, 239, 321, 325. 

Cyclostrema in main boring, 202. 

Cymbalopara in main boring, 213, 215, 227, 231, 337, 339 ; 

in SoLLAs's 2nd boring, 306, 343. 

tabellte/armiSj 215. 

Cifphafttreea in main boring, 234, 237, 240, 244, 282, 295, 

347, 351 ; in lagoon-boring, 314, 353 ; remarks on, 825. 
cf. Savignyi, 234, 320, 325. 

Darwin, Charles, quoted, 11, 12, 13, 17, 26-27. 

David, T. W. E., xiii-xiv, 1, 160, 167, 176, 187 ; quoted, 
195, et seq. J 265, et seq. : Narrative of 2nd and 3rd 
Expeditions, 40-60 ; (and Gt. H. Hallioan and A. E. 
Finckh) Report on Dredging at Funafuti, 151-159; 
(and Q. Sweet), Geology of Funafuti, 61-111, and 
pis. 1-19. 

David, Mrs., 42, 51, 59. 

Dead coral-reefs of Mangrove Swamp, Ac, 20-23, 66, et seq. ; 
at Nukulailai, 51. 

Deep-water organisms not found in boring, 174-175. 

Detritus, fine calcareous, crystallisation of, 398-400 (with 
figs. 81-34). 

Dialn in SoLLAs's Ist boring, 298. 

Diamond-drill apparatus, limitations, &c., of. 40-42 ; acci- 
dents to, 47-48, 49-50. 

Discorhina in main boring, 19S, 202, 209, et seq.^ 228, et seq.^ 
337, 839 ; in Sollab's 1st boring, 800, 343, in his 2nd 
boring, 806, 809, 848; in lagoon-boring, 812, et seq., 
845. 

patelli/ormis, 202. 

sp. nov.. 202. 

Distichopora, absence of living specimens of, 186-137. 

roseay 187. 

Distribution of reef-forming orgnni^m!), 183-137, 153, et 
seq. ; distribution of organisms in lagoon, i)roportionato, 
177-180. 

Dolomite in cores of main boring, 230, et seq. ; absent 
in upper part of do., 384, 3S8, 393, 394 ; absent in cores 
of lagoon-boring, 311 ; agate-like deposition of, 256, 
et seq., 319 ; rarity of perfect dolomites in earth's 
crust, 388-389 ; formation of, 391 ; replacement of 
calcite and aragouite by (in cores), 405-409, with 
figs. 39-42. 

Dolomitic limestone, definition of, 405 ; range of occurrence 
in cores, 411, 413. 

Doloniitisation, proportion of calcium and magnesium car- 
bonates in Funafuti rocks as bearing on theories 
of, 373-389; partial, effected at shallow depths, 394; 
increasing from depth of 638 feet downward, 405, 
et seq. ; complete, range in depth of, 408, 412, et seq. 

Dolomitised coral-reef material, 54 171, 190, 193, 194, 230, 
et seq. 

Dredging at Funafuti, report on, 151-159 (and pi, 19). 

Drift, direction of, 63. 



Eohinodermata, list of publications dealing with, 184 

remarks on, 329. 
Echinoidea in Lithothamnion-zoue, 129, 141 ; in main 

boring, 191, et seq., 354, et seq. ; in SollA8*8 1st boring, 

298, et seq., 860 ; in his 2nd boring, 804, et seq., 860 ; 

in lagoon -boring, 312, et seq., 360; remarks on, 

329. 
Echinus in main boring, 250. 
Elevation, evidence of, 22-23, 67-68, 70, 71, 72, 79, 84, 

et seq. ; do., in Nukuluilai and Nine, 51-52. 
Enteropneusta, reference to memoir on, 186. 
Entoniostraca in Sollab's 2nd boring, 306. See also 

Ostracoda. 
Epidemic, suggest ud, among reef -forming organisms, 138. 
Erosion, marine, comparative insignificance of, 28-24 ; 

erosion-zone, 128-131. 
Ethbridoe, B., jun., 42, 69. 
Ethnological memoirs, list of, 185. 
Evphyllia (?) in main boring, 291, 320, 823, 350. 
Expeditions (Ist, 2nd, and 3rd), narratives of, 1-28, 40-60. 

Faifatu. See Falefatu. 

Falaoingo Islet, description of, 92-93, 112-118 ; geol. map 

and sects., pi. 4. 
Falefatu Islet, 107-108, 118, and pi. 7. 
Fatato Islet, '* negro-heads " at, 71 (i^nd pi. C) ; description 

of, 110-111, 119 ; geol. map and sects, of, pi. 8. 
Ferruginous film on some of the cores, 367. 
Field, Captain A. M., 1, et seq., 65, 61, 169. 
FiNCKH, A. E., 54, 55, 56, 57, 61, 62; quoted, 382; Biology 

of Funafuti Atoll and Beef-Formation, 125-150, and 

fig. 19 ; (and T. W. E. David, and G. H. Halligan), 

Report on Dredging at Funafuti, 151-159. 
First boring, description and section of, 2-3 ; cores from, 

296-302 ; distribution of foraminifera in, 342-848 ; do. 

of corals in, 852-868 ; do. of other organisms in, 860- 

361. 
Fishes as reef 'destroying organisms, 141 ; fish-spine (?) in 

main boring, 194, 289, 881, 859. 
Fissures (? due to submarine slips), 26, 27 ; supposed 

volcanic, 64. 
Floor of lago<»n, projected boring of, 46, 47, 66 ; successful 

do., 66-67, 160-164 (and fig. 20) ; configuration of, 64; 

composition of, 161-162, 162-164. 
Fongafale village, geology of neighbourhood, 120-128, and 

map (pi. 9). 
Foraminifera, distribution of, 137, 156-156, 177, et seq., 191, 

et seq. ; list of publications dealing with, 182 ; foram. 

from borings, notes on, 816-819, with table of genera ; 

tables showing distribution in borings, 836-845. 
Foramiuiferal sand, 6, 8, 12, 16, 28, 45, 46, 68, 76, 188 ; on 

the islets, 92, et seq, 
Frutieose Lithoihamnion, 126, et seq., 184, 187, 194, et seq. 

See also Lithotkamnion. 
Fuafatu Islet, coral- rubble conglomerate, 78 ; geol. map and 

sectd., pi. 16. 
Fuagea Channel, 8 ; antiquity of, 84 ; Fuagea Islet, descrip- 
tion of, 89-90, 112 ; geol. map and sect-s., pi. 8. 
Fualifeke Islet, 73 ; geol. map and sects., pi. 13. 
Fualopa Islet, 126, 130; geol. map and sect. pi. 15. 
Funaf ara Islet, description of, 104-105, 116- J 17 ; geol. map 

and sects., pi. 6. 
Funafuti. See Main Island. 
Funamanu or Funamano Islet, description of, 108-109, 118- 

119; geol. map and sects., pi. 7. 
Funangonga Islet, profile through, 19 (fig. 12) ; description 

of, 109-110, 119; geol. map and sects., pi. 8. 
Fiingia (?) in main boring, 205, 284, 287, :244, et seq., 253, 

268, et seq., 279, et seq., 292, et seq., 845, et seq. ; in 

Sollab's 1st boring, 801, 358; in lagoon-boring, 818, 

et seq., 358 ; remarks on, 326. 
Fungid corals in main boring, 205, 228, 231, 2a^, 287. etseq., 

275, et seq., 291, et seq., 825, 346, et seq. 

Galaxea (?) in main boring, 244, 269, 276, 820, 825, 347, 
el seq. 

cf. EUisi, 275, 820, 825. 

cf. Lamarcki, 269, 820, 825. 
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Gardinbb, J. Stanlky, ix, 1, 4, 7» 10, 42, 74, 167, 187; 

quoted, 327. 
Gablakd, J., 42, 47, 49. 
Gases evolved by corals, 149. 
Gastropoda in main boring, 19J, tt seq., 202, 217, et seq., 

226, et seq., 239, el seq., 246, el seq,, 251, et aeq., 275, 

et seq.f 284, 855, et seq. ; in Sollas's 1st boring, 298, 

et seq., S61 ; in his 2nd boring, 306, 310, 361 ; in 

lagoon-boring, 312, 3G1 ; renuirkd on 331. See ubo 

Atlanta y Cerithiuin, &c. 
Qaudryina in the main boiing, 283, 340. 
Geological survey of islets of utoli, 54. 
Geology of Funafuti, 61-124 and pis. 1-19. 
Gilbert Ts., surface made up of Lithothamnion, 57. 147 ; 

distribution of Heliopora carulea in, 136. 
Glacis of hard limestone, 11-12. 
Olohigerina^ rare in lagoon, 177 ; in main boring, 198, 204, 

209, et »eq., 228, et seq., 255, el seq., 272, 289, 293, 295, 

836, et seq. ; in Sollas's 2nd boring, 309, 342 ; in 

lagoon-boring, 312, et seq., 344. 

hulloides, 276, 289. 

Qoniastraa in main boring, 212, 244, 248, 254, 263, et seq., 

268, 275, 295, 320, 324, 344, et seq. 

cf. eximia, 244, 320, 324. 

ci. favistella, in place, 107. 

solida, 275, 320, 324. 

Goniopora in lagoon-boring, 313, et seq., 321, 328, 353. 

Gorgonidoe forming a *' scrub " on submarine slope, 153. 

Government Grant Committee, viii., xii, 

GowABD, Rev. W. E., 51. 

Ghranular secondary calcite, 399, 4<Jl^402. 

Gravel, recent, tcrmced, 75 ; (made up of coral), in lagoon, 

162-163, 164. 
Growth of reef, recent, 27-28; of reef-forming organisms, 

rates of, 56, 141-14.^, 180. 
Giiano, originating phosphatic cement of conglomerate, 25, 

68, 373. 
Qifpsina in main boring, 196, 200, et seq., 209, et seq., 337, 

et seq. ; in SoLLA^'ct Ist boring, 298, et seq., 343 ; in his 

2nd boring, 300, 343 ; in lagoon-boring, 312, et seq., 

345. 
dUctts, 2,24, et seq., 242, et seq., 253, 268, 267, 268, 

294,296. 
gloUulus, 202, 214, 215, 229, 231, 237, 239, 242, 265, 

281, 295, 312. 
itth(Brens, 196, 219, 227, 251, et seq, 258, et seq , 263, 

267, 268, 271, et seq., 281, 284, et seq, 291, et seq., 

299, 309, 314. 
vesicularis, 202, 208, 209, 285, 312. See also O. 



discus. 
• sp. nov. 
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Haddonia in main boring, 196, 241, 272, 279, 836, ei seq. ; 
in Sollas's Ist boring, 299, 342; in lagoon -boring, 
312, 814, 844. 

llalimeda, 6 ; abundance of, 28, 45, 65, 127, et seq,, 151, 
et seq. ; zone of living H., 81 ; I£. >ilting up lagoon ; 
distribution of, 135, 153, 157-158; proportionate do. in 
lagoon, 177-180 ; mode of occurrence of, 137-138 ; 
rate of growth of, 145-146 (and fig. 19), 180; H, in 
main boring, 191, et seq., 197, et seq., 272, 283, et seq., 
355, et seq. ; in Sollas's Ist boring, 298, et seq,, 361 ; 
in his 2ud boring, 305, 30S ; in lagoon -boring, 311, 
et seq., 361 ; lemarks on, 331-332 ; proportions of 
magnesium carbonate in, 376-378 ; rapid solution of 
skeletons of, 383, et seq. 

laxa, 157. 

apuntia, 145-146 (and fig. 19), 177 ; proportion of 

carbonates in, 376 ; var. macropus, 811, 315, 332. 

-sand, great thicknens of, 65, 127, et seq., 138, 162, 164, 

178. 

Hallioan, G. H., 42, 45, 47, 55, et seq.. 61 ; Table of Rock- 
Areas, 82; Report of Lagoon- Borings, 160-164; Per- 
manent Reference- Marks on Islet of Funafuti, 105-166, 
and pi. 19 ; (and T. W. E. David and A. E. Finckh), 
Re]>oit on Dredging at Funafuti, 151-159. 

llalomilra (?) in main btring, 226, 321, 325, 347. 

Uakt-Smi'iu, J. See Smith. 



Hasv^ell, — , 42, 133, 152. 

Hkdlby, C, 4, 7, 16, 42, 59; quoted, 153. 

Heliopora ctemlea forming tloor of Mangrove Swauip, 20, et 
seq. (and figs. 13-14, 66-67, and pi. 18) ; cavernous 
JI. c. reef-rock in abandoned i boring, 45; M.c. as a reef - 
former at Nukulailui, 51 ; coloration of, 68, 109 ; dead 
reefs of, 66, et seq. ; total area of same, 83 ; occurrence 
on islets, 92, et seq. See also Biology of the Coral-Reef 
Formation, 125 et seq. ; distribution of H. c, 135-136, 
158-159; mode of occurrence of do., 138-139; B. c. 
in main boring, 195, el seq., 228, 344 ; in Sollas's 1st 
boring, 297, e/ seq., 352; in his 2nd boring, 304, 307, 
352; in lagoon-boring, 313, el seq, S52 ; remarks on, 
322-323. 

Hknby, J., 373. 

Heterostegina in lagoon, 177, 178, 179 ; in main boring, 198, 
202, et seq., 337, et seq. ; U. in Sollas's 1st boring, 
302, 343 ; in his 2nd boring, 309, 343; in lagoon-boring, 
312, et seq., 345. 

depressa, 202, et seq., 215, 227, 312, 314, 337, et seq., 

348,845. 

HiNDB, G. J., xiv, 167-168, 172, 175; [on occurrence of 
Cycloclgpeus], 155-156; [on Lithothamnion in cores], 
157 ; Report on Materials from Borings at Funafuti 
Atoll, 186-861 (with tables). 

History of project for boring through an aloll, vii-xiv. 

Holothuroidea not coral-destrovers, 141 ; II. in main boring, 
196, 354. 

HoBB, Captain E. C, 51, 56, 58 ; his model of atoll (62, and 
pi. B). 

Humidity, atmospheric, records of, 29-32. 

Humous and humic acids, corro:)ivo action of, 71, 73-74, 
S6. 

Hurricane-beach (= seaward ridge), 12 ; '• hurricane-banks," 
inner and outer, 65, 76-78 (and fig. 18 and pi. E), 85, 
et seq. ; do. on islets, 95, et seq. 

Hgduophora (?) in main boring, 231, 241, 271, 320, 324, 347, 
349. 

microcona, rate of growth of, 143 ; in main boring, 241, 

320. 324. 

Hydrauli3 drill, submarine boring with, 57. 

Hydrocorallinae, distribution of, 136; included uuilcr term 
" corals," 195, 819 ; remarks on, 321-322. 

Hydrozoa, list of publications dealing with the, 183. 

Inorganic matter, proportion of insoluble, in sampUs from 

Funafuti, 368-870. 
Instructions drawn up by Coral Reef Committee, ix-x. 
Iron -oxides, film of, on cores, 867. 
Islets of atoll geologically surveyed, 54 ; history of growth 

of same, 85, 86-87 ; description of, ^-111 ; differences 

of islets on two sides of atoll, 182. 
Isolation (topographic), of Funafuti, 66. 

** Jagged corrosion- zone," 71, 72. 

JuDD, J. W., xiv, 7, 40, 58; General Report on Materials 
sent from Fnnafuii, and Methods of Dealing with them, 
167-185; Chemical Examination of Materials from 
Funafuti, 362-389. 

Keeling atoll, compared with Funafuti, 11 (and fig. 4). 
Knobby Lithothamnion, 125, et seq., 134, 137. See also 

Lithothamnion. 
** Knoblings " (of Madrepora contecta, &c.) , 202. 

Lagoon, filling up, 6, 27-28, 87-88 ; depth of, 8 ; analyses 
of water from, 28 ; projected boring of Hoor of, 46, 
47, 65; successlul do., 56-57, 160-164 (and fig. 20); 
composition of fioor of, 151-152; general report on 
materials derived from, 176-181 ; detailed report on 
do., 310-815 ; distribution of foraminifera in the 
boring, 344-845 ; do. of corals in, 352-353 ; do. of 
other organisms in, 360-361. 

mound, 12-18 ; supposed ancient do., 18, 20 ; lagoon - 

mound of Mateika, 24. 

Lamellibranchiata, in main boring, 191, 194, 224, 234, 237, 
240, et seq., 249, el seq., 256, 2fi9, el seq,, 266, 269, et 
seq,, 277, el seq., 355, el seq. ; in Sollas's 1st boring. 
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302, 361 ; in his 2iid boring, 810, 361 ; in the In goon- 
boring, 312, et xeq.y 361; remnrks on the, 331. See 
also Lithodomus. 

La WES, Rov. F. E., 52. , 

Lbeqh, J. S., 41, 55. 

Lengths of cores from main boring, list of, 189 ; do. from 
SoLLAs's Ist boring, 297 ; do. from his 2nd boring, 303. 

LeptocHnmn, stellate HpicuU^s of, in main boring, 195, ei seq.^ 
215, 253, 251-, 2()1, 260, ct seq., 279, 284, 29-i, 295, 355, 
ef seq. ; in Sollah's 1st boring, 299, et seq.^ 361 ; in his 
2nd boring, 304, et fteq.^ 301 ; in the lagoon-boring, 312, 
et seq., 361. 

LepiothyriK in main boring, 203, 203. 

Level, changes of, 17-lS, 22-25, et seq., 67-68, 70, 71, 72, 79, 
84, et seq. ; permanent reference -marks of, on main 
island, 165-166 (and pi. 19). See also Sealevol. 

Lichen-eovi-red breccia >nnulating ba>altic Mcoriae, 76. 

LichenoiM Lifhothamnion, 126, tl srq., 13i, 137, 138, 195, 
et seq. See also Lithothatnnion. 

Lithodoinvs-huTToy;», in main boring, 206, 263, 277, 278, 280, 
289, 291, 294, 295, 355; in Sollas's lat boring, 301; 
in lagoon-boring, 315. 

Lithothamnion (and Poti/trema) fdliug interstices of HeliO' 
pora cftrulea, 45, '16, 6^, 138; encrusting H.-c. roof, 68, 
69, 70, 78 ; forming surface of Gilbert Is., 57 ; cementing 
breccia, 72; cause of death of, 79; extent of living L.- 
zone, 78-79, et seq. (and pi. E) 83 ; Z». as a tide-gauge, 
88 ; height of same on Mateika, &c., 106. See also 
Bioh)gj of the Atoll, 125, et seq. ; eolorati<m of Z., 
129, 13'.), 134; distribution of do., 133-134, 155, 156- 
157; mode of oeeurrenee of do., 137; destroyed by 
burrowing organisms, 140; rate of growth of, 145, 147- 
14H ; L. m main boring, 191, e/ seq., Ido^et seq.^ 355, 
et seq. ; in Sollas's Ist boring, 297, et seq.^ 351 ; in his 
2nd boring, 304, et seq., 361 ; in lagoon-boring, 314, 
315, 361 ; /*o/////*^m a confounded with L., 317 ; remarks 
on, 332 ; ])roportior.s of magnesium -carbonate in, 377- 
378 ; rapid solution of skeleton of, 383, et seq. 

P/iillipt\ YKT. funafutiensis^ 377. 

sandstone, 72-73 (and j>l. E), 89, et seq., 128, et seq. ; 

age and origin discussed, 73, et seq. 

Living [coral] reef. 27-28, 125, et seq. See also ffeliopora, 
Litkothamnion, &c. 

Lobophytum, stems, &e., of, in main boring, 196, 202, 208, 
210, 219, 248, 250-251, 263, et seq., 267, et seq., 275, 
etseq., 281, ei seq., 289, 295, 296, 344, et seq. ; in lagoon- 
boring, 313, et seq., 352; remarks on, 322. 

London Missionary Society, help rendered by, 51, 58. 

" Long Island." See Motuloa. 

Long Keef (N.S.W.), calcareous sandstone of, 74. 

Luamanif portage, boring at, 4-6. 16, and section (fig. 2). 

Luamotu Islet, description of, 106, 117 ; geol. map and 
sects., pi. 6. 



Madrepora in main boring, 195, et seq., 345, et 
Sollas's 1st boring, 302, 353 ; in his 2nd bori 



seq. ; in 
boring. 303, 
et seq., 353 ; in lagoon-boring, 312, et seq., 353 ; 
remarks on, 326-327. 

contecta, sp. nov., occurrence of, 179 ; in main 

boring, 190, 196, et seq., 217, et seq., 244, 2-47-248, 250, 
et seq., 259, 263, 267, et seq., 274, 278, 280, 285, 293 ; 
in Sollas's 2nd boring, 303-304, et seq.; in lagoon- 
boring, 314; de8(5ribed and figured, 326-327. 

loripes, living, abundance of, 125, 130, 136 ; absent on 

windward rim of atoll, 131 ; bath v metric distribution 
of. 158, 159. 

pacifica allied to M. contecta, 327. 

Mafola Islet, description of, 105-106, 117 ; geol. map and 
sects., pi. 6. 

Magnesite, no trace of, in cores, 392. 

Magnesium -carbonate, proportions of, in main boring, 
364-366 (and fig. 23), 388, 393-894, 406, 411; amount 
secreted by plants and animals to form their skeletons, 
375-376 ; clmnges in proportion after death of 
calcareous organisms, 376-378, 383, et seq. ; solubility, 
relative, of, 378-383. See also Dolomite, Dolomitisa- 
tion. 



Magnetic survey of atoll, rejwrt on, 33-39 { magnetic rock, 

probable presence of, 51-55, 61-, 84. 
Maidbn, J. II., 42, 59. 
Main boring (1897), 44, 47-50, 53 ; (1898), 56-57, 187-194, 

general report on materials derived from same, 169-176; 

detailed re^wrt on do., 195-296 ; general characters of 

cores from, 332-334; table of distribution of forami- 

nifera in, 336-31-1; do. of distribution of corals in, 

344-351 ; do. of other organisms in, 354-359; chemical 

analysis of cores from, 362, et seq, (and fig. 23). 
Main island, geol. description of, 120-124, and geol. map and 

sects, (pis. 9-11, 17) ; permanent reference -marks on, 

165-166 (and pi. 19). 
Mangrove Swamp, 3, 13, 20-22, 66-67, 138 (and pi. 18). 
Mapping, methods of, 61-62. 
Maps, 8i*a!e of the, 61 ; symbols used on the, 66 ; notes 

explanatory of lettering on the, 112-124. 
Marginetln in main boring, 202, 203. 
Marginutitm gtahra, 215, 336. 
Mateika Islet, profile through, 19 (fig. 12) ; descriptions of, 

24, 106-107, 118 ; geol. map and sects, of, pi. 6. 
Material sent from Funafuti, general report on the, 167-185; 

detailed report on the, 186-3r}l ; chemical examination 

of the, 362-389; mineralogical repjrt on tbe, 392-420 

(with figs. 2t-69aud pi. P.). 
Meteorological observations [June and July, 1896], repjrt 

on, 29-32. 
Micro-chemical methods of investigation, 172, 392-393. 
Miliotina in lagoon, 177 ; in main boring, 21)1, 204, 

205, 223, 224, 223, et seq., 271, 272, 283, 289, 293, 295, 

296, 336, et seq. ; in Sollas's 1st boring, 299, 302, 342 ; 

in his 2nd lK>ring, 342 ; in lagoon-boring, 312, et seq., 

34t. 

cironlaris, 205. 

suhrotunda, 201-202. 

Millepora in main boring, 199, 206, 207, 216, 221, 282, 255, 

259, 265, 272, et seq., 280. et seq., 296, 344, et seq, ; in 

80LLA.s's 1st boring, 301, 852; in his 2nd boring, 306, 

308, 352 ; remarks on, 321-322. 
—' alcicornis growing on sides of channels in Litho- 

tKamnion-ionQ ', 8(3, 131; rate of growth of, 144; 

occurrence on islets, 92, 109 ; do. in shoals, 126, 127 ; 

absence on atoll-rim, 129, 131; distribution, 136; 

mode of occurrence, 189. 
complanata forming shoals, 133 ; distribution, 136 ; 

mode of occurrence, 139 ; parasites, 140 ; rate of 

growth, 144-145. 

nodosa, 195, 196, 206, 320, 322. 

Mineralisation, figures illustrating types of (Nos. 50-C9), 

416-419. 
Mineralogical changes observed in cores, 392-420 (with 

figs. 24-69 and pi. F.). 
Model of atoll, 62 (and pi. B), 64. 
Mollusca, list of publications dealing witb, 184. 
Montipora in main boring, 199, 200, 206, 224, 235, 246, 2A9, 

250, 260, 268, 270, et seq., 281, et seq , 345, et seq.; in 

Sollas's Ist boring, 300, 301, 302, 353; in his 2nd 

boring, 305, 308, et seq., 353; in lagoon -boring, 318, 

et seq., 353 ; remarks on, 328. 

inc'jgnita, 132 ; rate of growth of, 144. 

Motuloa ( = *' Long Island "), significance of name, 87 ; 

description of, 99-100, 114-115 ; geol. map and sects., 

pi. 5. 
Motungie Islet, description of. 96-97, 114; geol. map and 

sects., pi. 5. 
Motusanapa, breci'ia-outlier at, 67-68, 70; description of 

islet, 99-100, 101, 115; geol. map and sects., pi. 5. 
" Mud"-cryit4illi8ation, 398-400, 403, 410, et seq. (with figs. 

31-35, 37, 43, 46, 47). 
Mulitefala, Lithot hfimnion-s&ndstone of, 73, 86 ; geol. map 

and sects., pi. 12. 
Murray, Sir John, 167, 175, 369, 370, 374, et seq. 



" Negro-heads," 71 (and pi. C), 90. 
Neohelia associated with Lithothamnion, 134. 
Ngie trees on the islets, 93, 94, 97, et sea. 
Niue (Savage Is.), terraces, d^o., of, 61-62. 
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Nonionina in main boring, 208, 216, 221, 264, 266, 337, 

et teq. ; in SoLLA8*B let boring, 301, 343 ; in lagoon. 

boring, 314, 345. 

umhilicatay 208. 

Norfolk Is., " oolitic limestone '* forming at, 74. 
Northern part of Funafuti, geol. description of, 123-124. 
N^hecularia in main boring, 196, 216, 336 ; in SollA8*b Ist 

boring, 279, 800, 3 i2. 
Kukulailai Is., 51 ; lerel of lagoon at, 67. 
NnkusaTaliyali Islet, description of, 97-98, 114; geol. map 

and sects., pi. 5. 
Nullipore-rim, the, 11, 12, 13, 18, 23. See also Lifhotham- 

nioHf &c. 

CBbien, J., 2, 27, 28, 63, 87. 

Onoatoa, predominance of Heliopora ccfrulea in lagoon, 136 ; 
Lithothamnion forming oceau-platform at, 147 ; tern, 
perature^obserrations of sea- water at, 150. 

Oolitic structure, absence of, 173, 188. 

Ophiuroidra, abundant on reef -flat, 128. 

Ophthalmidium in main boring, 254, 338. 

OrbiceUa in main boring, 204, 212, 21H, 234, 241, 250, 259, 
260, 270, et seq., 276, 283, el xeq., 345, et seq. ; in 
SoLLAs's Ist boring, 297, et seq.j 353 ; in bis 2nd boring, 
305, et seq.f 353 ; remarks on, 324. 

cf. acropora, 241, 246, 320, 324. 

ci.funafutensis, 270, 320, 324. 

heliopora, 205, 241, 279, 320, 324. 

cf. OHon, 252, 302, 320, 324. 

PUiades, 283, et acq., 290, el seq., 320, 324. 

Orbitolites (and Tinoporwi), sand made up of, 6 ; in Lit ho- 
^Aamm'on-sandstone, 73 ; rare in lagoon, 177, 178 ; O. 
in main boring, 195, et seq., 233. 237, et seq., 257, 
et seq., 281, et seq., 336, et seq. ; in Sollas's 1st boring, 
298, et seq. ; in his 2nd boring, 307, et seq. ; in the 
lagoon-boring, 312, et seq. 

Orbitolites complanata, 196, 202, et seq., 213, 215, 242, 243, 
268, 286, 287. 

marginalis, in main boring, 195, 202, 203, 214 ; in 

SoLLAs's 1st boring, 301. 

Organic matter, proportion of, in samples from Funafuti, 
367-368 ; organic tissue in crustacean skeletons, pro- 
moting rapid solubility, 383, et seq. 

Orgnisms fiving on seaward slope of atoll, collection of, 54 ; 
reef-forming, distribution and mode of occurrence of, 
133-140, 155-159; reef -destroying, 140-141; pro- 
portionate distribution in lagoon, 177-180; from 
boriogs, notes on, 315-361 (with tables) ; which are of 
calcite and which of aragonite, 393 ; original structure 
obscured by secondary calcite, 400, et seq. 

Ostracoda in main boring, 202, 209, 216, 354 ; in Sollas's 
2nd boring, 310-350; remarks on, 329. See also 
Bairdia. 

Oulleay Atoll, fissures in, 26, 27. 

Oral body, undetermined (in core No. 314), 231. 

Patellina in Sollas's 2nd boring, 306, 343. 

PaTa Islet, profile of atoll off, 9, 13-14; pinnacles at 

extremity of, 15, 18 ; profile of, 19 (fig. 12) ; submarine 

slope at, 133, 139 ; geol. map and sects., pi. 13. 
Peat-bog, mass of dead and living algce compared with, 180. 
Pebbles, waterwom, of seaward ridge, Ac, 12, 14. 
Pecten in main boring, 244. 
Pemphis acidula. See Ngie. 
Peneroplis in main boring, 261, 338. 
" Penguin," U.M.S., 1, et seq. ; magnetic surrey by officers 

of, 33-39. 
Perforata (c*orallia), undetermined, in main boring, 345, 

et seq. ; in SoLLAs's 1st boring, 353. 
Peripheral extension of atoll, 78, et seq., 88. 
Phastanella in main boring, 203. 
Phosphates, proportion of, in materials from Funafuti, 

371-373, 392. 
Phosphatic conglomerate of Amatuku, 25 ; phosphatie soil 

of Taro Plantation, 68-69 (chem. ana].). 
Phycoerythrin (?) of Lithothamnion, 166. 
Physical geography of Funafuti, former (summary), 83-88. 



Pinnat^les of coral -breccia, &c., described and figured, 16-16 ; 
origin of, 17-20, 26. See also Breccia. 

Plaeopsilina in main boring, 198, 199, 249, 278, 336, et seq. ; 
in Sollas's 1st boring, 299; 'v.\ lagoon-boring, 312. 

Planorbulina in main boring, 199, 209, 227 et seq., 254, 
et seq., 264, 266, 270, et seq., 288, et seq., 337, et seq, ; 
in Sollas's l«t boring, 299, 301, 343 ; in his 2nd boring, 
310, 3-^ ; in lagoon-boring, 312, et seq., 345. 

hrvata, 289, 294. 

Plants, list of publications dealing with, 182. 

Pleistocene Period, changes of level in tropical regions 
during, 26. 

Pocillupora killed by Lithothamnion, 137 ; P. in main 
boring, 196, et seq., 344, et seq. ; in Sollas's Isl boring, 
301,352; in his 2nd boring, 309,810,362; in lagoon- 
boring, 313, et seq,, 352 ; remarks on, 323. 

caspitosa, abundance of, 136. 

clavaria, 136. 

cf. glomerata, 204, 320. 

grandis, growing on sides of channels in the Litho- 

thamn ion-zone, 81 ; rate of growth of, 143-144 ; paucity 
of, on R. rim of atoll, 127, 131, 136. 

paucistellata, 127, 128, 136 ; rate of growth of, 144. 

verrucosa, 136 ; rate of growth of, 144. 

Polystomella in Itigoon-boring, 312, 345. 

Polytrema (and Lithothamnion) filling interstices of Helio- 
pora carulea, 46 ; in Lithothamnion- tone, 129. 

miniacevm in main boring, 195, et seq., 337, et seq. ; in 

Sollas's 2nd boring, 305, et seq., 343 ; var. alba, 202, 
20). 

planum as a rock-builder, 78, 145, 156, 178, 193; P.p. 

in main bonng, 195, et seq., 337, et seq. ; in Sollas'8 
1st boring, 297, et seq., 343 ; in his 2nd boring, 306, 
etseq.,^4^\ in lagoon-boring. 311, et seq., 345; P.p. 
simulating Lithothamnion, 317. 

Polyzoa in main boring, 191, 201, 2a3, 208, et seq., 215, 
et seq., 234, et seq., 266, 364, 366; in Sollas's 
1st boring, 298, 302, 360 ; in his 2nd boring, 306, 306, 
360 ; in lagoon-boring, 312, 3 ' 6, 360 ; remarks on, 329. 

Poolb, W., 42, 43, 59. 

Porites forming floor of Mangrove Swamp, 20, et seq., 
66-67 ; predominance on western side of atoll, 66, 70 ; 
occurrence above tide-marks, 67, et seq., 89, et seq., 
126, et seq., 136; mode of occurrence generally, 139- 
140 ; coloration of, 126, 127 ; killed by Lithothamnion, 
139; effect of sunlight on, 148; P. in main boring, 
196, et seq., 281, et seq., 345, et seq.; in Sollas's 
1st boring, 300, 301 ; in his 2nd boring, 304, et seq., 
353 ; in lagoon-boring, 312, 313, 353 ; remarks on, 328. 

arenosa, big specimens of, 194, 247, 267, et seq., 

277-278; 250, 263, et seq., 283, et seq., 321. 

limosa, 126, 127, 136, 140 ; rate of growth of, 143. 

" Porjoise,** H.M.S., 47, 65, et seq., 160, et seq. 
Potholes in Mangrove Swamp, 22. 

Pri^naslraa (?) m main boring, 226, 268, 278, et seq., 320, 

324, 346, et seq. 

cf . magnifica, 274, 276, 282, 286, 320, 324. 

Profiles of atoll, 8-10 ; do. across islets, 19. 

J'sammocora (?) in main boring, 278, 289, 361 ; in 

Sollas's 1st boring, 300, 853 ; remarks on, 326. 
Pseudomorphic changen in coral-rock, supposed causes, 386, 

et seq., 390-391. 
Pteropoda, bathy metric value of, 166. 
Pullenia in Sollas's 2nd boring, 309, 842. 
Pulvinulina in main boring, 202, 222, 230, 231, 237, 284, 

292, 337, et seq. ; in SoLLAs's Ist boring, 802, 843 ; in 

his 2nd boring, 306, 309, 343 ; in lagoon-boring, 312, 

315. 

repanda, 202. 

Puniice, drift of, 63 ; pebbles derived from Blanche-Bay 

eruption, 76-77 (and pi. 9), 87 ; chem. anal, of, 78 ; 

pumice on Teafoafou, kc.^ 94, et seq. ; none traced in 

Funafuti boring, 190, 332, 370. 



Kaised reefs at Walu Bay, 43 ; at Nine, 61 ; of Indian and 
Pacific Oceans, Fanafuti ro<}kl cOPtrMted with, 176. 
See also dead coral-reef, ^« 
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Kange of occurrence of corals in borings, 820-321 ; of fora- 

minifera, ibid., 818 ; of various other organisms, ibid., 

330. 
Rasox, Captain, E. G., 50, 53, 59. 
Reef-destrojino^ organisms, 140-141. 
flat, the, 11 ; composition of, 12 ; peripheral extension 

of, 78, et seq. ; reei-flat of Niue, 52. 
forming organisms, distribution of, 133-157, 155-159; 

mode of occurrence, 137-140 ; rate of growth, 56, 

141-148. 

rock rubble, 75. 

rocks, proportion of insoluble residues in, 368-370. 

Reefs, raised, at Walu Bay, 'A3 ; do. at Niue, 51 ; dead of 

Mangrove Swamp, 20-23 (and figs. 13-15), 69, et aeq, ; 

do. of Nukulailai, 51 ; of Indian and Pacific Oceans, 

Funafuti rocks contrasted with, 175. 
Reference marks, on Island of Funafuti, 165-166 (and 

pi. 19). 
Regeneration of Fociliopora, 144; of LUhothamnion^ 145. 
Reynolds, J. Emr&son, analyses of lagoon-water. 
Bingicula in Sollas's Ist boring, 298. 
Rissoa in main boring, 203. 
Riasoina in main boring, 202. 
Robinson, H. E. C, 58. 
Kock, yarious types, table of areas occupied by, 82 ; remarks 

on, 83. See also Cores. 
Rotalia (?) in main boring, 204, 337. 
Rotuma, beach-sandstone of, 7-J. 

Rojal Society, its connection with the boring, mi, et seq, 
•• Rojalist," ja.M.S., 50, 52. 

Russell, H. C, 42, 150 ; Report on Meteorological Obser- 
vations, 29-32. 



Sagenina in lagoon -boring, 312, 314, 344. 

frond eacenSy 312. 

Sagrind in Sollab's 2nd boring, 306, 309, 342 ; in lagoon- 
boring, 312, 3U. 

raphanus, 202, 336. 

Salt«, soluble, in the cores, 366-367. 

Sand, foraminiferal and algous, 6, 8, 16, 2S, 45, 46, 65, 68, 
76, 92, et seq., 138 ; sand intcrbedded with Litho- 
MamntoM-saiiddtone, 73 ; misuse of term, 188 ; 
dolomitised " coral-reef-sand," 409, et seq., with figs. 
43, 45, 49. 

Savage Is. See Niue. 

Sclerenchynia, secondary deposition of, 190, 195, ci seq., 
297, 301, 306, et seq. 

Scyphozoa, reference to memoir on, 183. 

Sea-level, changes of, 17-18, 22-25, et seq.,Q7-GS, 70, et seq., 
79, 84, et seq. 

Seaward or outer riHge, 12 (and pi. A) ; seaward slope, 
marine organifrms living on, 54 ; seaward shore, geol. 
map and sects., pi. 17. 

Sea-water, solvent action of, 13, 17, 21, 71 ; c4irbon.dioxide 
m, 149 ; observations on temperature of, 150. 

Seaweed zone, 128-129. See also Algae. 

Second boring, described, 4-6 and section (fig. 2) ; c-ores 
from, 303-310; distributi(m of foraniiuifera in, 342- 
313; do. of corals in, 352-353 ; do. of other organisms 
in, 360-361. 

Secondary deposition of aragonite and calcite, 190, 195, 
et seq., 297, et seq., 393-397. 

Segregative action in sedimentary rocks, 387. 

Seriaiopora in main boring, 22), 221, 225, 233, 244,250,253, 
265, 273, 278, 281, et seq., a46, et seq. ; in lagoon- 
boring, 312, etseq., 352 ; remarks on, 323. 

pacifica, 314. 

spinosa, bathymetrio distribution of, 159. 

Serpula in main boring, 192, et seq., 196, et seq., 213, 224, 
226, 231, 236, 238, 242, 245, et seq., 263, 265, 268, et seq., 
283, 288, et seq., 295, 354, et seq. ; in Sollas's Ist 
boring, 398, et seq., 360 ; in his 2nd boring, 304, et seq., 
360 ; ill lagoon. boring, 312, et seq., 360. 
Sherlock, R. L., 175. 
Shore-line, negative or downward movement of, 22-23, 67-68, 

70, et seq., 79, 81 et seq. 
Sidenutraa (?) in main boring, 284, 295, 321, 325, 351. 



Silt, choking 3rd boring, 45-46 ; inconveniences of, in main 

boring, 47, 49. 
Skbats. E. W., 167, 171, 175, 363, 368, et seq., 406. 
Slbb, W. H. J , 41, 65, 59. 
Slopes of the atoll, biological compnrison of the, 132-133 ; 

results of dred^ng on the, 153, et seq, 
Smebth, W. F., drill designed by, 42. 
Smith, Edoab A., 202, 203, 298. 
Smith, J. Hart, 167, 171, 363. 
Sollas, W. J., vii. et seq., 167 ; Narrative of Expedition 

of 1896, 1-28. 
Solubilities, relative, of calcium and magnesium carbonates, 

378-383 ; rapid, of crustacean skeletons, &c., 383, 

et seq. 
Soluble salts in cores, 366-367. 
Solution -area, typical, on Tutanga, 93-9-1-. 
Solvent action of sea water, 13, 17,21, 71; of humous and 

humic acids. 71, 73-74, 86 ; of carbon dioxide, 379-383. 
SoRBv, IL C, 167, 172; Note on Coral -rock of Funafuti, 

390-391. 
Soundings, 8-9 (fig. 3), 10-11, 174. 
Spirillitia in main boring, 202, 337; in Sollas's 2nd 

boring, 306, 309, 343 ; m lagoon boring, 312, 3 15. 

vipipara, 202 ; S. sp. nov., 202. 

Spirol(H'ulina in main boring, 207, 219, 230, et seq., 242, 258, 

336, 338 ; in Sollas's 2nd boring, 306, M2 ; in lugoon- 

boring, 312, 344. 

grata, 207. 

Spirorbis, in main baring. 196, 200, et seq., 212, 354; in 

Sollas's 1st boring, 300, et seq., 360 ; in his 2nd 

boring. 303, 306, et seq., 360; in lagoon-boring, 812, 

et seq., 360 
Sponges, li^t of publications dealing with, 182 ; corals in 

boring-cores riddled by sponges, 190, 195, et seq. ; 

remarks on, 328-329. Sec also C ilc'sponges, Clionaa. 
Stalactitic-looking dol>mite in cores 198a-215a, 256, 257, 

258. 
Stratification, simulated, 174 ; absence of true stratific:ition 

in cores, 193, 243, 244. 
Stuart, Andkbson, xiii-xiv, 41, 42, 58, 160. 
SruBDBB, Captain F. C. D., 47, 56, 160, 163. 
Stylnster, sp., 203, 320, 322, 344. 
Stglfyphora in mnin boring, 199, 200, 211, et seq., 230, ei seq., 

257. et seq., 281, et seq., M4, et seq. ; in Sollas's Ist 

boring, 300, 302, 352 ; remarks on, 323. 
Submarine configuration of atoll, 8, et seq., 64-66, 154; 

submarine slips, 26, 27. See also Cliff, S opes, &c, 
Subitidence, hypothetical, 17-18 (and figs. 9-11). 
Sunlight, its effect on growth of Lithothamnion, &c., 139, 

145, 148, 158. 
Survey, geological, of islets of atoll, 54 ; magnetic, of Funa- 
futi Atoll, 33-39, 64-55. 
Swallow-hole, near N. end of Man grore Swamp, 68 (and pi. C) 

and pi. 9. 
SwEBT, G., 42, et seq,, 51, 53, 57-58, 167 ; Notes explanatory 

of Lettering on Goological Maps, 112-124 ; (and T. W. E. 

David), the Q-eology of Funafuti, 60-111, and pis. 

1-19. 
Symbols used on maps and sections, 66. 



Taii»ale reef, 23 ; '^ Taiisalo Period," 23, 25. 

Taro Swamp, 20, 25 ; Taro Plantation, phosphatic soil of, 

68-69 (chem. anal.). 
Teafoafou (and Tengasu), description of, 94-95, 113-114; 

geol. map and sects., pi. 5. 
Te Afualiku Islet, geol. map and sect., pi. 13. 
Te Akau Tuluaga, 8, 42, 44 ; boring reoon mended at, 45. 
Te Ava Fuagea (channel), 8 ; antiquity of, 84. 
Te Ava Tebuka (channel), 8 ; antiquity of, 84. 
Te Bua Bua (channel), 43, &o. 
Tebuka Islet, geol. map and sect., pi. 14. 
Tefala Islet, description of, ^0-92, 112 ; geol. map, pi. 4. 
Te Falaoingo. See Falaoingo. 
Tefota Islet, description of, 103-104, 116-116; geol. map, 

pi. 5. 
Telele Islet, description of, 99-100, 101-103, 115; geol. 

map and sects., pL 6, 
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Temperature -obserrat ions, 29-32; do. of sea-water, 160; 

temperature as conditioning pseudomorphio changes in 

coral-ror»k, 390-391. 
Tengako Islet, geol. map and sects., pi. 11. 
Tengasu (and Tcafoafou), description of, 94-95, 113 ; geol. 

map and sects., pi. 4. 
Terraces of Nine, 51-52; terraced stiata of Funafuti, 75, 

76 (and pis. 6, 7, 9, 12, and 14). 
Tertiary limestone, no trace of, in boring-cores, I7'l-175. 
Textularia in main boring, 202, 209, et »eq., 215, ft »eq , 

237, 242, 247, et seq., 258, 264, 267, 26«, 272, 277, 280, 

284, et teq.y 336, et seq, ; in Sollas's 1st boring, 302 ; 

in lagoon -boring, 312, et »eq. 

rugom, 209, 261, 253, 278, 284, 293, 296, 314. 

nagitlnla^ tat. JUtulosay 202. 

nphoniferOy 215. 

Thecidea maxilla, 153, 191, 201, 202, 312, et seq., 330-331, 

854, 361. 
Tidal current s. See Currents. 
Tide-marks on main island, 165-166 (and pi. 19). 
TiLDKN, W. A., 363. 
Tinoporvs (and Orhitolitea), sand made up of, 6, 99, 101, 

110, 111 ; spines affecting angle of re|>osc of same, 75 ; 

T. in ZiVAoMflrwiiioji- sandstone, 73 ; T. in Sollas's 2nd 

boring, 306, 310. 
Tinoporufs baculatvM, ) erfcct speeimeuH of, on Motungie, 97 ; 

T. b in main boring, 195 et *eq., 20.), 207, et acq., 215, 

et jfeq., 337, et seq. ; in Sollas's 2nd boring, 306, 310, 

843. 
" To " or submarit e cliff, 65 (and pi. B). 
ToMKiNS, A. E.. 57, 164. 
Topography of atoll, 7-8. See also Geology, Physical 

Geography, Ac. 
Trial pits at Luamanif, 4 and section (Hg. 2). 
Tridacna gigaM, magnesium carbonate in she'l of, 375, 378. 
TriforU in njain boring, 202, 203. 
Tropical regions, changes of leyel during Pleistocene Period 

in, 26. 



Truneatulina in main boring, 202, 204, 209, et geq., 218, 226, 

22S, et seq., 337, 339 ; m Sollas's 1st boring, 302, 343 ; 

in lagoon-boring, 312, 314, 345. 

rostrata, 202. 

Turhinaria, living, at 46 fathoms, 159 ; T. in main boring, 

234, 242, et seq., 246, 253, 264, 295, 321, 327, 347, et aeq. 
Tutanga Islet, description of, 93-94, 113 ; geol. map and 

sects., pi. 4 ; sect, off, pi. 19. 



Under-reamer, "bair'-type of, 45; jetting do., 46, 47; 
breakdown of same, 47-48 ; improyed type of, 55. 



Vailoa ravine, Savage Is., 52. 

Vahulina in main boring, 282, 340 ; in Sollab's Ist boring, 

299, 312. 
Vermes, list of publications dealing with, 184. 
Verneuilina in Sollas's 1st boring, 302, 342. 
Yertebrati, list of publications dealing with, 185. 
Volcanic rock supposed to underlie Funafuti, 63, 64; 

volcanic action determining original shape of atoll - 

foundation, 83 ; volcanic material, none traced in boring, 

190, 332, 370. 



Walker, J. T., 41 ; Walkbb (Miss) E., 41, 42. 

Walu Bay, raised reef at, 43. 

Water from la<;oon, analyses of, 28 ; carbon -dioxide in same, 

28, 133, 148-149; water-jetting from bottom of borinj;- 

tools, 47-48. 
Watts, W. W., xiv. 
Weilagulala. circular reef, 43. 
Whabton, Sir W. J. L., xiv. 
Whitblkogb, Thomas, 59, 142. 
Winds, action of, 8, 28, H-t, et seq. ; prevalent winds, 62, 63, 

84. 
Woolnough, W. G., 42, 43, 46, 68, 59. 
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